(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

21.10.1998 Bulletin 1998/43 



(21) Application number: 9830292] 

(22) Date of filing: 15.04.1998 



(n) EP 0 872 966 A2 

EUROPEAN PATENT APPLICATION 

(51) into* H04B 7/185 RECEIVED 

JUL 1 ,1 2002 
Technology Center 2600 




(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 15.04.1997 US 834238 

(71) Applicant: Globalstar LP. 

San Jose, California 95134 (US) 



(72) Inventors: 

• Wiedeman, Robert A. 

Los Altos, California 94024 (US) 

• Monte, Paul A. 

San Jose, California 951 17 (US) 

(74) Representative: Vaufrouard, John Charles 
Elkington and Fife 
Prospect House 
8 Pembroke Road 
Sevenoaks, Kent TN13 1XR (GB) 



(54) Low earth orbit distributed gateway communication system 



(57) Disclosed is a communication system, and 
methods for operating the communication system, of a 
type that includes a satellite communication system 
segment comprising at least one satellite (10) that 
projects a plurality of beams (1010) on the surface of 
the earth. The satellite communication system segment 
further includes at least one terrestrial satellite gateway 
(76) that is bidirectionatly coupled to the at least one sat- 
ellite (10) and also to a terrestrial communications sys- 
tem (75). In the communication system one or more 
beams (1010) from one or more satellites at the surface 
of the earth define a regional service area (1010) within 
which at least one Wireless Local Loop (WLL) service 
region is located. The communication system further in- 
cludes a terrestrial communication segment comprising 
at least one WLL base station (1 105) capable of bidirec- 



tional communications with a plurality of WLL user ter- 
minals (1103) within the WLL service region (1101). The 
terrestrial segment further includes a virtual gateway 
(1108) that is bidirectionally coupled to the WLL base 
station (1105) and to the at least one satellite (10). The 
virtual gateway (1108) is responsive to the terrestrial 
satellite gateway (76) for temporarily assuming control 
of satellite system resources for bidirectionally coupling 
a communication to or from an individual one of the WLL 
user terminals (1 1 03) into or out of the WLL service re- 
gion. The virtual gateway (1108) can also transmit at 
least one of paging and broadcast messages to WLL 
user terminals (1103). The paging and broadcast mes- 
sages are first received by the virtual gateway (1108) 
from the terrestrial satellite gateway (76) via the at least 
one satellite (10). 
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Description . , . . 

This invention relates generally to satellite communication systems and, in, particular, to satellite communication 
systems that employ a constellation of satellites in cpmbjnation with terrestrial user terminals. ..*.'. 
s Communication systems generally referred to as Wired Loop Plans (WLP) hav,e been implemented or proposed 

" -3 * 1 1 ~*1 ' ^••S ar ' ous re 9' ons °f tne eartn t° either provide a basic ;^mf^unication system or to augment already existing systems. 

* - - * - .-^However, WLP systems must be accurate in the^]anping/can;experience long .delays in the roil out of services due 

* % 'X V to pbt3ining rights of way and environmental considerations, have a'high cost/subscriber ratio, ar ( e susceptible to out- 
VH»- ' ^ age*s* clue to natural disasters, theft, and political instabilities, and also have high up-f ront costs. . c \ , 

; 10 In^n effort to avoid or minimize such problems vyireless'LocaJjLoop (WLL) terrestrial communication systems 

fjjjQV ^g{.*&'^ ^ave ; 'been^ntroduced, especiai|y,in deyebping'equntries; Wireless^Local, Loop systems avoid some of, the problems 
| inherent in WLP systems,, but are, still :expensiye^o^imple^ their typically smaller coverage^ areas and the 

need for many cells;or base stations : to provide :adequatfe coverage.. . ^ . ; v f „.'.. . i; 

dt would thus be desirable to provide; a WL^ communication; system that overcomes the problems inherent in the 
is WLP systems, white also overcoming the probjerns inherent in existing WLL systems. 

Also, commercial and other users are increasingly Implementing .TCP/IP protocol networks in.response to the wide 
^spread use of the Internet. At the present time;;it ( appears likely that TCP/IP willnot only ..remain prevalent, but will need 
:r to be operable, over satellite, networks.; Several -experiments oyer the ACTS .,( Advanced, Communications Technology 
Satellite) have shown that the TCP^Rprptocoyimits throughput, andanalysis.has shown this to be caused by the TCP 
20 window size and theT.Gp 'Slow 'Start" algorithm. fpr^Fije Transfer Protocol. The re. may be alternative protocols devel- 
oped to efficiently transfer information us ing^CpAPt (especially fpn satellite. use), however, the installed base of equip- 
ment being deployed worldwide for using thette,gestria| ; ver t sbn t of TCP/IP ,is expected to be dominant for many years. 

; It would thus also be desirable^ provide, a satellite based communication system thatpvercomes tfie problems 
inherent iathe use of conventional TG.p/iPi.and other, network protocols irva satellite-based system.. . , 
25 : The invention seeks to providejan Enhanced .Wirpless Local Loop communications system. The system may pro- 

vide single hop connectivity between ,WLt -terminals, apd a terrestrial cpmmunications system, via. a satellite commu- 
nications system. , n, . m.i, ??L- y.-V; ■ \/\J tj i- v 3 , r ' _. : : : <{ ; ■ . ib rf ~.:,.i; - . \ - .......... 

The invention-may provide. am Enhanced Witless Local Loop communications - .system that provides single hop 
connectivity between WLL terminals in a : fir ; st WLJl service regions and WLL terminals located in a second WLL service 
^30 region, via a satellite communications, .system. ; v ■ *• nH ■. . It - : .. ir . , 

The invention may provide a Satellite WLL system having ope or more WLL service* regions that are located within 
'<■ ; a regional service area, and to, provide a. virtual gateway forrautqnomously handling communications traffic into and 
rv.; out of the regional service area; -in cooperation, with a satejljte cpmmun^tions^system,.,., r ■ 

•; :i c-i <jThe invention* may provide ,a .satellite*based communication, system for serving pne or, more, ..localized network 
<35 ' areas, such as one. or more^of a WLL service ; area, a WLP. service area, and a Local. Area Network (LAN) service area, 
1 J and that permits both fixed and mobile. terminalsJO;be provided service.. ; , . - , ■ , 

' ^ According to one. aspect . of, the invention therejs* -prqvjde^a c^munic^tion system, comprising a satellite com- 

' .. muhication. system segment comprising at leasts gnejsatellite that projects a plurality of beamspn the. surface of the 
! i earth and at least one [satellite system ground^statipn^hat 4s bidirectionally coupled tojhe atjeast ope satellite and 
\ . ao j. ; also to ! a terrestrial communications 'system;anda:t§rr^Kial communication segment comprising at least one localized 
. ; i f . network base station capable of bidirectionaiporrtm^ of LN user terminals within a LN service 

■ ' - * region. The terrestrial segmerikfurth^ is bidirectionally coupled to the LN base 
I station and to the at least one satellite for btdiK§tjic;o„aJlyx to and from .individual ones of the 
\ LN user terminals .into:and out of the LN servjae^eglen; wherein one or more beams from one.or more of the satellites 
i '45 at the* surface of the earth cover a regipnaLsej^ic&area wifhiri [ Which the LN service region is located, and wherein the 
< communication system further comprises atjeas^pne;database that stores. information for. associating individual ones 
: <.»"-■ of the*LN user- terminals with. the; RSA- : - vr ji^j iM ^ c ; ^ • iS - ; .■ - u - < • 

According to anther aspect oftheririvention there js provided a communication system, comprising a satellite com- 
j ' >x munication system segment comprising at Jeast.ope;,satetlite..that projectS:a plurality of beams o^ the surface of the 
. so '.earth' and at least^one. terrestrial satellite gateway that is bidirectionally. coupled to the. at least one satellite and also 
to a terrestrial communications system, : - , 

■ - wherein one or. more, beams (from one or/more satellites; at-the surface of the ;i earth cover a Regional Service Area 
'• - (RSA) within which at least: one -Wireless Local Loop- (WLL) service region is located and a terrestrial communication 

I ' • segment comprising atleast one-WLbbase station .capable of bidirectional communications with a plurality of WLL 
| » . ss ^ .user terminafs.within WLL service region, ; the:terrestrial segment^ urther comprising a virtualgateway that services the 
! RSA^and that is bidirectionally coupled to the -WLL .base station and to, the at least one satellite, wherein the virtual 

" - * gateway, is- responsive to information ireceived from the terrestrial-satellite gateway, for temporarily assuming control of 
* satellite system resources for bidirectionally coupling a communication to or from an individual one of the WLL user 
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terminals into or out of the WLL service region. * 

According to another aspect of the invention there is provided a communication system, comprising a satellite 
communication system segment comprising at least one satellite that projects a plurality of beams on the surface of 
the earth and at least one" terrestrial satellite 'gateway that is bidirectionally coupled to the at least one satellite and 
5 atso'to a terrestrial communications system;''- - 
' " 1 ' 1 wherein one or more beams from one or more satellites 'at the surface of the earth cover a regional service area within 
' ' ' which at least one Wireless Local Loop- (WbL). service >egion is located, and a terrestrial communication segment 
comprising at least one WLL base station capable of bidirectional communications with a plurality of WLL user terminals 
within the WLL service region, the terrestrial segment further comprising a virtual gateway that is associated with the 
' "10 re^ioha I service area and that is bidirectionally coupled' to the' WLL base station and ^ 

" to the" at least one satellite, wherein the virtual gateway is re§poclsive to information received from the terrestrial satellite 
" gateway for assuming' local control of 'satellite system resources forbid irectionally:coupling a communication to or from 
an individual one of the WLL user terminals into orr out of the* : WLL service region, wherein <i i. • . . 
1 the"virtual gateway iis further 'bidirectionally coupled to-a transmitter used for transmitting at least one of paging and 
is broadcast messagesto'one* or nrfore o'f'the : WLL user feTrfwrtelS, the paging and broadcast messages being received 
b^ the virtuargateway from the* terrestrial Satellite gate way via' the at least one satellite. ' 
*' 1 i ] According to another aspeci of -the : invention^ thereiis- provided a communication system, comprising a satellite 
■ " " • communication system segmenrcomprised of af least brfe ^satellite that projects a plurality of beams on the surface of 
- 1 the earth' arid ait least one" satellite-s'ystem grdtJritd sta'ttonTtHaPis^iairectionaily coupled to the at least'one satellite and 

' } 20 also to a terrestrial communicatibns system and a terPestn^rcommunicatTon segment comprising a plurality of localized 
w :: network (LN) base stations eactYof which is capablebf bidirettioria t communications with a plurality of-LN user terminals 
' " within an associated LN service region, the'terrest'ria^se^ a LN ground station that is bidirec- 

"tionally coupler* to each bf the LN base stations and to the attea^t!orie>satellite for bidirectionally coupling communi- 
cation's to and from indi'vidualones bfthe-LN user terriiihals-'inio' "and but of the LN service regions,' wherein one or 
c 25 : " more r beams'frorn one or more of the satellites at c the Surface ottHemarth covef aVegional service area within which 
at least one of the LN service regions is 'located, wherein the ! communication system further comprises a system da- 
tabase coupled to the satellite system ground station and a LN database coupled to each of the plurality of LN base 
' * ' ' statiohs that store information for associating iridividuarbries of = the LN- User terminals with a home LN service region 
1 " ' and wherein LISPuser terminals 1 that rdariri from one LN service Region 'tdi another LN service region, or from one LN 
30 service region to a location outside of any LN service region/ are; authenticated and provided service based on infor- 
mation stored 'in the database of a home LN service region. ■'" < '3 s eU i <> r ' ■• \ ■ ■ - .t . 

: According to another aspect bf the invention there" is> provided a communication system, comprising a satellite 
communication system Segment comprising at'teast one satellite that projects a .plurality of beams on. the surface of 
,% * -'the* earth and at' least brie 1 satellite-system ground station that te bi&r'eetionally coupled to the at least'one satellite and 
35 - also to a terrestrial cbmmuhic^fibns'system, arid a terrestrial com municatidh' segment comprising a plurality of virtual 
gateways each comprising a localized network' <LN) base station fcafrable of bidirectionalrcommunications with a plu- 
; raiity of 'LN 'user terminal region,,each of the virtual gateways further 

comprising a LN ground ; station { ttiat is bidirectibh£ftly v coupled fo eachioMhe LNbase stations and.to the at least one 
satellite for bidirectionally coupling comr^unlCationi^^b^ahd from individual ones of the LN user terminals into and out 
40 ofYhe LN service regions; tfte terrestr^ regional virtual gateway4hat is 

bidirectionally* cbupled tb each bf the virtuargateWa^s^ satelliteisystem.groundistation through at least one 

satellite, the regional virtual gateway allocating sy^ based on resource 

assignments receK/eb^^^ ^'.i'otos : ro -,. o ; rr - - ■ 

According to another aspect of the invention th@re9s ^rovideda communication system; comprising at least one 
45 - v virtual gateway cori^ rising alocaltzed ne 

a plurality of LN'user'termirials within an assoctated i^tjibrial service region covered% one or more beams associated 
with one or more satellites, the at least one virtual gateway further^cbmprising a-LN satellite ground station that is 
* bidirectionally coupled to theLN frase station and to aHeaslone satellite for- bidirectionally. coupling communications 
; to and from individual ones of the LN u'serf(erminals!irit6:afldout oftheLN servtceiregions, the virtual gateway allocating 
50 satellite system resources : amdngst the LNuser terminals 'based on isatellite system, resource assignments received 
from a satellite system ground station. * ^ \* ; v * : »' - ■ • < ■ - -■ • . 

" According to another aspect of the invention* there is -provided a method of 'operating a : communication system 
comprising the steps* of providing^ satellite communication system.isegmeht comprising at least one satellite that 
projects a plurality of beams on tne surface of the : earth and at least ohe satellite system ground station that is bidirec- 
55 tionally coupled to the at least one satellite and also to a f terrestrial communications system, providing a terrestrial 
1 communication 'segment comprising^ plurality of localised network ;(LN) bases stations each' of which is capable of 
bidirectional corhrhunicatibns with a plurality of LN user terminals within-an associated LN service.region; the terrestrial 
' segment further being'provided so as * * - •' y • v • ' ;o . , -* .;> 
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to comprise a LN. ground station that is bidirectionally coupled to each of the LN base stations ancLip the at least one 
satellite for bidirectionally coupling communications to ancUrpm individual ones of the LN user terminals into and out 
of the LN service regions, defining a regional service area (RSA) within,rwhich at least one of the LN service regions 
is located, the RSA being defined to encompass an area containing locations of aplurality of LN user terminals, storing 
s information in LN databases coupled to each of the plurality of LN base stations, the stored information associating 
individual ones of the LN user terminals with a home LN service region, ; and for a LN user_termjnal that roams outside 
of a home LN service region, querying a LN database for authenticating the roaming LN user terminal and providing 

- .service based on informatbn stored iin the. database of a home LN service region- 

According to another aspect of the invention there is provided a method of operating a communication system, 
io* :j comprising the steps of providing, a satellite. communication system segment comprising at least :pne satellite that 
projects a plurality of beams on the surface of the earth and at least one satellite system ground station that is bidirec- 
tionally coupled, to the at- least >one satellite; arid also to a terrestrial communications system, providing a terrestrial 
communication segment comprising a plurality of localized network. (LN) baserstations each of which is capable of 
bidirectional communications with a plurality of JJsj.usenterminals within an associated LN service region, the terrestrial 
75 segment further being provided so as to compriseiajLN ground station that is ; bidirectionally coupled to each of the LN 
base.stations and to the at least-one sateHite jor/bidjrectionally. coupling r cpmmunications to and from individual ones 
L of the LN user terminals, into, and out jof ;the,hfS* (Service *egions,r defining a, regional; service. area (RSA) within which at 
least one of the LN service regions is located, the RSA being.defined to encompass an.area containing locations of a 
plurality of LN user terminals, receiving an aUocatior^of satellite, system respurces.ata LN ground station from a satellite 
20 system ground station having a coverage; region with in : which ahe^LN ground station ; is located, and reallocating a 
* port ion. of the allocated satellite system 

According to another aspect of4he invention there js provided a<method of operating, a communication system, 
comprising steps of receiving a call fpr aTUssr.terminaljat a satellite systemigateway n examinjng a database to determine 
if the user-terminal is associated with:^ localized; service, area within a coverage area of the satellite system gateway 
25 -.-i ; if yes, formulating a message and transmittir}g-the v message.tQa virtual^gateway that serves the;regional service area, 
- the message being transmitted v via, at leastrpne satellite, receiving the message at t the virtual gateway and paging the 
user terminal, and upon the user terminal responding to the page, establishing the, pail using satellite,system resources 
that are allocated to the virtual; gateways rpm, the, satellite system gateway. ; w , y- L \ r >*; * G o, - c ;< 

According to another aspect of the invention there is provided a method of operating a communication system, 
.30 comprising the steps of; receiving a calls for a user . terminal at a virtual, gateway that serves a ^localized service area 
within a coverage area of a satellite. system gateway, examining t a database; to determine if the called user terminal is 
.r, associated with a localized servicecapea that.is served by the virtual gateway, jf yes, .establishing the call,; if no, formu- 
■ - - lating a, message: and transmitting the vi-- - ; iz 6 .'^ i/~V-\) .<. \ v 1 1 ;-,.v;. ' < ; : v.. , 
. • . .message-to the satellite system gateway, f the; message being transmitted via at; least one .-satellite,, receiving the mes- 
35. sage at. the satellite, system" gateway; and examining a database. to determines if, the .called user, : terminal is associated 
with a second localized service area within the coverage c area. of vthejsatejlite^sy stem : gate way, if yes, formulating a 
. f-rA ; Cmessage and transmitting the message to.a>seccHipl yirtuargateway *hat serves the second ilocalized service area, the 
! ! message being transmitted* via; at leastrpne' satellite? receiving the message, at the second virtual-gateway and paging 
A . -"■ the use* terminal, and ;uponthe;user;temninaJ jesppnclingito^heipage, establishing the -.call, using, satellite system re- 
40 sources that are allocated to the second virtual gateway f rom the satellite .system .gate way.. . ^ , 

- i In a-refinement of; Ihe; invention ^aiSatettjte^U'^e^s, Local Loop (SWt-L) system eliminates most of the problems 
r> • : inherent in WPL and WLL systems fTbe^WLL gyst^fis.pnabled.to adapt itself to system growth .without resorting to 

- typically inaccurate subscriberrpfedictiorrma"rk0tr$ti3dies.;can besrapidly deployed once the satellite system is in place, 
1 -'has a very low cost/subscriber ratio, andJias:a|f^lattv.ery;lpw investment for a group or community served by the SWLL 
■ 45. system/: ■ - r.-.^j n <}z^ ^r:>; .^iim^cc^cr .:^^^: .>\r: ■} >v,_ r .-. 

1 This specif icatioa describes a rCommunicatior\ system; and methe<is lor. operating a . communication system, of a 
- P \< :type r that4ncludes a satellites 

1 - ','.■)-. of .beams; on the isurface- of ;tbe:e~artb, ( iTbe: satellite communication system segment further includes at least one ter- 
= m: rest rial: satellite gateway that isr bidirectionally coupled to the at:least.one<satellite and also to a terrestrial communica- 
50 >? tions;system. In the. communication:system one onmore overlapping beams from one or more satellites at the surface 
. vof the earth. define ari;area;wit^in which. at least one Wireless Local. Loop (WLL) service region is. located. This area is 
also<referred to ihe rein ; as a^regional .service area (RSA). The communication-system further includes a terrestrial 
-communication segment comprised ofiat.Jeast one WLLsbase station capable. of bidirectional communications with a 
^ . plurality of WLb user terminals within*the WLL- service region. The,terrestrial;segment further includes a virtual gateway 
55 that is bidirectionally coupled to the WLL base station and to the at least one satellite* -The virtual gateway is responsive 
• r to the; terrestrial satellite gatewayiifor temporarily' assuming control oU satellite; system resources for bidirectionally 
coupling a-communication to or f rom anJndividuatone of the WLL user- terminals into or out of the WLLservice region. 
*..' . . . " The virtual gateway is further bidirectionally coupled'to a transmitter used for transmitting at least one of paging 
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■* : and broadcast messages to one or more of the WLL user terminals. The paging and broadcast messages are received 
by the virtual gateway from 'the terrestrial satellite gateway via the at least one satellite. ' 

■ - In order thatlhe invention and its various other preferred features may be understood more easily, some embod- 
'-* irhents thereof will now { be described, by way 1 of example only, with reference to the drawings, in which:- 

lf " s Figs: 1 A-1 E are diagrams that aretuseful for explaining the concept of a regional service area, and the relationship 
•. .v ' . 0 f the regional service area to a WLL service region; ■ ,/l . - f • 

Figs. 2A-2C are diagrams that are usefuTfor explaining the various propagation delays experienced by signals in 
.,- ■• £ satellite communications system.' ' ■ "■ ■ ' K - - c 

• w ' • - ' ' Figs: 3A - 3Car'e diagrams'.that are useful for explaining the'concept of single and double hop signal propagation 

; > ,; 'paths in ^satellite 1 communications system;" to - ; ' '• • 

; = J. - : Fig. 4 is a graph that relates propagation delays to"sate<lite altitudejor1he single and double hop cases Jor various 
.' c •* 1 type's of satellite communication systems;' v-v'v-* , 'is- t i.^icn . i - . 

Fig. 5 illustrates various "casies (A-H) of calls withrh a WLL service area, between WLL service areas, from, to and 
•' is between regional service areas, and to a PSTN terminal! '-' ' v =- 

•'■< * Fig. 6 is a simplified block 'diagram of ah enhanced -W£L "system in' accordance with the teaching of this invention; 
- 1 Figs. 7A-14B illustrate a plurality of different-calling' mefriods tKatfcan be performed in the enhanced WLL system 

■ of- Fig. 6, for the vaYious "cases (A : H) shown -in Fig^SpJ .->v^-- f r . • -t - " " * ^ - 

- 1 Figs. 1 5A-1 5C illustrate various satellite-transpo™^ for implementing the satellites 

" ' 20 : of the satellite communication system 'thai- ftfms^a pari? of the enhanced WLL system of Fig. 6; v <-> 

Figs. 16A-16D illustrate Various" embodiments oHhe j fre^ue^cy ; translation; amplificatbn, and signal processing 
" v • ' equipment thai fdrms^a part of the transpdrder shown ir^^iQj t5A;- 

l j - Fig 17 is'a block diagram of' a subscriber interface uhity!aM^refe~rVed'4o herein as a- Virtual Gateway; - * 
1 Fig r 1 8 is ari coverall system diagram showing also* an e^haTilcedipagihg and broadcast services system; 
25 ' • Fig. 19 is a diagram that is useful in explaining the varices ^mobile terminal 1 service embodiments of this invention; 

' Fig. 20 is a diagram thar is useful in explaining a ; case wherein^ a -WLL service region lies within two gateway 
: ' r ■ - -coverage are^s; ! ahd ; =" ) i^"? ioo<<v.c: . .. *■-. 

Figs. 21 A and 21 B illustrate the use of one or^ore regional' virtual! gate ways- - 

• f .*••■*. < - v . t .... ■ ■ f.-'-r-r' : -!* : .'0t. -. '-";oi .-. .; ■ «;;, m-{j if: :cr *• 

30 Although the invention will now be described inthe context of -a- WLL4Das~ed system, other network types, such as 

• -•' ■ private riefworksV can be i employed and are cOrisidered tabe>withih1he ! s'c6pe of this invention. In general, it is useful 
■ to keep ih'mihd tha^he': invention provides a^technique for fnterdonne^rtcf an open-type network, such as the Public 
Switched Telephone Network (PSTN), with a closed-type network, subhva&WLl* and/or to separate user terminals. 
' Although the invention will how be described primarily in the contexts a sin^fe-tall to a single entity.whether a user 
35 terminal of via a WLL interface to -a^ WLL- subscriber, -the system can ! be 'conffgared and operated to simultaneously 
route many calls through any 'portion of -the i^ysfelri. '-^iM.' ' "' ■ v 

A presently: preferred embodiment of a SWLb system* empldys-a 'constellation of low earth orbit'(LEO) satellites 
thaf communicate through one of more terrestrial gateways: The individual -gateways are each bidirectionally coupled 
to one or more terresttiaTco'mtnuhidatibn -syste the local 'Public Switched Telephone Network (PSTN), as 

40 we H as to pr ivateand ^public data and voice n et wOFkftO- ^ '' * ^ ' v 'o •- -x-: ^ : ! , > . < * 

The following U S:*Paterits teach varraus^asp'etais of^aOieOisatellitisfconstellatrorf, and the: associated communi- 
cation system, which may be used to pFacttcethiS'lha&fTfacffi: -Ui^- Patent Nor , { 5 0 422;647; issued 6/6/95, entitled "Mobile 
Communication Satellite Payload, by E-WrfehfieldifldJefArf^ 5,504,493; issued 4/2/96, entitled 

"ActiveTransmit Phased Array Antenha J with AmpliUiC^l^per'v'by'e. Hirshtield; UjS, Patent Ncs.-5,448,623, issued 
9/5/95; and 5,526,404, issued 6/11/96, "Satellite Telecommunications System Using Network Coordinating Gateways 
Operative' with a Terrestrial communication Sysrerrv^'by :R!A; Wiedeman andi R.^f-Monte; U.S:i Patent No. 5,233 : 626, 
issued 6/3/93, entitled "Repteater Diversity Spread'Specirtiim Communication System", bynS/A. Ames;:and U.S Patent 
No.: 5,552,798, issued 9/3/96 .'entitled- Antenna (c^Multipa'th Satellite; Oommunication: Links", by F: J / -Dietrich and P. 
A. Monte. The disclosures; of these various U.S. Patents' are. incorporated by:feference herein in their entireties. 
50 As will bemade evident, the teach ing^Df this invention 1s>not restricted for mse with:LEO ; satellite-systems, but may 

use -medium e"artlVorbit: (MEOj vand^eo-synchronous orbit (GSO) satelifte^tems: Cross-links between" satellites can 
also be used to advantage -by- various embodiments^ of this invention, burare^ nonessential for. operation; 

Fig. 1A illustrates 'a general configuration 6f-a "sate Mite 10^ which generates 1= to:N beams A0 10- each having an 
associated coverage region at the surface of the earth;i Invacco'rdanCe; with: an aspect of this invention it is possible to 
55 define contiguous or dis-contiguous* areas on the ground which-are referred to he rein- as Regional Service Areas (RSAs) . 
101 1 . A Regional Service AreaMOU is a portion of 4he Earth's surf ace. that-is iserved in whole or in part by one or more 
Virtual Gateways. As such; within:a given RSA 1011- may be one or rnore Virtual Gateways,>eaeh;serving a portion of 
•the RSA- 1011. The Regional- Service Areas 1011 are. not i necessa r i iy cDnhected: with any sihgle<*satellite 10, but in 
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generaJ may be. served by several of the satellites 10 In general, a given Regional Service Area 10=11. may be served 
by one or more beams 1010 from a single satellite 10, or from one or more beams from a plurality of satellites. 
The RegionahService Areas 1011 may have any arbitrary sharje, not necessarily contiguous, oh the surface of the 
.earth. : .Generally a Regional Service Area 1011 will be defined by a polygon on the surfaced the Earih, having the 
5 . locations (e.g. . latitude and longitude) of its vertices stored in a memory. pf certain data" processing devices (e.g., the 
f , ( j databases of the gateway 76, Virtual Gateway 1108 and WLLBS ,1105, as" described below) in the; SWLL system. 
, -j The Regional Service Area 1.011 may thus be. considered to be a defined, region r on the ground which corresponds to 
, a database of locations of fixed user terminals,. and is essentially a map showing the locations of th<ese terminals. In 
one embodiment of this invention, i.e.,, an on-board satellite processing embodiment, this map is. carried within the 
. io. : , ^, satellite, computer memory.. In othe/ embodiments the map is. stored in the databases of.the^errestriayequipment. In 
a LEO or MEO satellite embodiment of. this .invention the beams ,1010 projected by the" orbi tip g satellites move with 
..respect-to the Regional Service Area, 1 01 1 , and. the identities of the physical beams. (and satellites i 6) that serve the 
Regional Service Area 1011 dynamically change with time. However, based on satellite ephemens data, it is possible 
,.to. calculate, at any instant of time, which sate llite(s) and satellite beams are serving a given one of the Regional Service 
t is ^:Areas-1011r... - ^,.1* . >t - f; , . .. ■ ' r — • .'. "V- \ >. , • 

n Fig, 1 B ill ustrates various, types of iCpmmunicatiorps equipment and devices that are located in a Regional Service 

: - ;Area 1011 . Located within or in proximity .tp f t ti F^^gion3l Service Area, 1.0 11. are Virtual Gatevyays 1108^ also referred 
i to herein as, PS JN Link I njerf aces or as ,$atel| ite Interface Units (SlUs). The v1rtua| .gateways' 1 i 08^are assigned tasks 
t to pert orm in the setup, call management^ a.nd,call tear down procedures, as these functions aV^generaJly performed 
20 by LEO satellite system gateways 76. In the presently preferred embodiment of this invention theVirtuai Gateway 1 1 08 
performs these, functions, and also manages the, satellite, system resources that are allocated to it on a part time, as- 
; ' required basis. That is to, say, the Virtual jGateway. 1108 functionsas a local gateway for the duration of the setup, call, 
1 and call tear down time. only, anckreJinquishes its authority and control of the system resources after these functions 
have been performed. The Virtual Gateway ,J1p8 is under the .control of the system gateway 76, which assigns respon- 
ds sibility of system resource managementto the A yirtual Gateway 1 1 08 for some limited period of time. During this period 
of time the allocated respurces^may- be? reallocated by. the VI rtuaL Gateway 1.108 one pt,more limes, as required. Of 
, . j course, it is possible that there, ana, many, calls being simultaneously handled by ( the. Virtual Gateway 1108, and indeed, 
Jn some installations it is possible, that the Virtual Gateway 1108 is active 100% of the time.. Also v and as was stated 
; (above, although described jn,1he cqntext.pia single call to a singje entity, whether a u§er terminal of via a WLL interface 
■ ;30 : to a WLL subscriber, , the, systeni can be configured. and ( operatedto simultaneously route ^r^ny^callsjhrough any 
.portion of the system. As was described above, the terrestriaLcoverage area or service region of one or more of the 
i.,. y ^ Virtual : Gate ways 1108 is jcpntajned within -a Region^ , . .... J y: , t , T 

,i. .. ;,i - Both the gateway 76 anp: -trie- Virtual. Gateway- 1 108 include a database (76a and 1 1,08a. 4 rospectiyely) for storing 
. i : * ■';* a information that specifies,-for example, the boundaries of the associated; Regional Service Area(s) 1011 , and the iden- 
r^s ,tities of; authorized users (associated with the Regional .iService Areas(s).1p11. i:il , (fVt .. _ ; c , • . 

f . r The system gateway 76 is connected to the PSTN 75,. having, P'SJN. terminals 75a (e.g., telephones) connected 
; ■? I -thereto: Other terrestrial, communication networks, J>oth public and private, may also be connected to, .or .may be reach - 

; ;able.fromr the gateway 76,-i i> . .^n !i:ic ■:. -.y:sv\ r.:--:?iU r, - r v : t , - ^ - 
' . ..VVithin the, Regional- Service ^ 1106, respectively. Some of 

ao : \ dhese; terminals will desire telecommunical.ion^servjjce to and frpm local, areas. Fig.. 1C ill ustrates r pne implementation 
of this type of .service.' Although. there,ar^ configurations, two are shown by example, namely Wired 

w Connectivity and Wireless Connectivity, :ano\Jt jsjac^ibje ^interconnect manyxrf either type.fhese connections can 
be via sat el Ijte or terrestrial, interepn nectipns, , hbi i o ■? & t j>j e " ■ : ■ - . " o ~ ; ; ^ . . 

Considering first the. Wired. Ctonne^tiyity^se^^ Wired Connectivity Virtual Gateway .1108js connected to a PBX 
45 1206 with a trunk line 1207, also referred to herein as a Satellite Interface Trunk Unit (see, for example, Fig. 18). This 
arrangement is in turn connected to many telephones 1204. by way of conventional telephone wire 1205. The PBX 
1206 operates in a conventional manner, as J local loop, allowing telephone calls between telephones 1204. The trunk 
line 1207 allows calls out of the local area (the Wired Local. Loop). The users desiring communications out of range of 
the Wired Local Loop use the trunk line connection via the PBX 1 206 to the Virtual Gateway 1108 to communicate out 
so of the local area by way of satellite links 1 208. The satellite links 1 208 are bidirectional links made through the Virtual 
Gateway 1108, one or more of the satellites 1Q, and a gateway 76 (not shown) whose .service .area includes the region 
served by the Wired Local Loop. This system, while limited to. the requirement to install the telephone wires 1205 
between the telephones 1204 and the PBX 1206, does allow adequate local connectivity. 

A system that features wider utilization is shown in Fig. 1D. The system of Fig. 1D utilizes a Wireless Local Loop 
ss (WLL) to connect subscribers. The Wireless Local Loop (WLL) system has a coverage or service area 1101, also 
referred to as a WLLSA. This WLLSA 1101 is generally limited to a radius of a few miles, typically less than 10 miles, 
and serves a population of users or'subscribers within its- range. The users have access to WLL Subscriber Units 1102, 
each having an associated handset 1 1 03 There may be other users (referred to below as Fixed Virtual Gateway Users 
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(FVGWUs) having FVGWU Subscriber Units 1202 and associated handsets 1 203) that are outside ef the WLLSA 1101 
and that desire to be connected ?o the WLL:' and alternatively to other WLLs. as well as to the PSTN 75 having the 
terminals 75a (e^i' telephones) connected thereto. Within the WLLSA 1101 there'is at least one Wireless Local Loop 
Base Station (WLLBS) 1 105 which may or may not include a switch. Users with WLL equipment are connected to the 
5. WLLBS TT05 by local radio frequency links 1104. There may be any kind of modulation scheme in use on the local RF 
1 ~links 1104, arid the modulation scheme need hotresemble that used on the satellite links 1108. The WLLBS 1105 is 
: ' connected by a trunk line 1207 to a Wireless Connectivity Virtual Gateway 1108. The trunk line 1207 may be a physical 
" cablera pair of wires, a radio link, or any l bth'er : suitabie^ transmission medium. The WLLBS 1105 may also be co-located 
"'with the Virtual Gateway 1108. The Virtual 'Gateway 1108 is connected to the 1 satellite 10, and thence to the PSTN 75 
io ' or public or private networks, by satellite radio links 1 208, via the r; gateway 76 (not shown): The WLLBS 1105 includes 
' a database 1 1 05a that stores information that describes,' by example, the identities of the WLL user terminals associated 
with the WLL service area. A plurality of WLLBSs 11 0*5' can be associated with and connected to one Virtual Gateway 

;,no8.\ ; / 1 - " ■ -v- ; ; ' ' 

' ' ' '' v Referring to Fig. 1 E, it can be seen that a given gateway 76 has ari associated gateway coverage or service region 
is 79. Within the gateway service region 79 can be a plurality different localized network coverage regions, iricluding WLL 
, regions' (WLL 1 -WLL 2); private networks (Private Network' 1 '-Private Network-3), terrestrial cellular systems, and WLP 
* re^ioris, sSmebf whidh may overlap: Bbth fixed users'^Oeahd 'roaming users 11 06 may be located within the gateway 
service region 79 butsicie of one of the localized' network' c'ovetage^egidns'/ The teaching of this invention can be 
' " erhplbyed to provide sat el lite communications servicetb'ahy'br all of these various localized network coverage regions, 
20 ! as well as to the fixed and mobile users 1206 and ^106." ■ ■ ' ;l; ,v ' ' 

Referring ndw to Fig'. 1 18; there-is shown ah embed iment : of a- : S WLL ^ystem^ providing various paging and call 
alerting types of' services: IndudecTin this type'bf service^'aYe' one way broadcasting (very narrow casting) to service 
* ^areas which' are extremely sVnall. One application of'thedistrifeuted gateway embodied in the satellite interface unit or 
: virtual 'gateway 1108 is the delivery bfpaging, messaging,' low *speed data,' SCAD A control, and call alerting of mobile 
25 users by the use of other terrestrial systems ' For this service 1 , the Virtual Gateway 1108 (also referred to as a PSTN 
Ihterfa'ce'Unit), 1 with its associated Satellite' Interface Trunk'Uhit J 1 207v is connected to various Paging/Broadcast Sys- 
tems 11 1 2'via a terrestrial connection 11 10 or other suitable means! The'Paging ; and Broadcast System 1112 transmits 
'data to mobire^erminals 1106 ancFfixed "user equipment'by way bf Paging/Broadcast/Message links 1113. As an ex- 
' ample of theVse'bf such a system, consider a mobile user 11 OB which has been in contact with the system for some 
30 ! period' of time'and^s^egistered as a r mobile user at gateway 76- This r user then moves indoors. Since the gateway 
paging messages thai normal^ alert the iribbile terminal li'0'6 that 'a' calf is¥ecelved may be blocked by;the building, 
. the mobile terminal 1106 cannot receive the : pai number of attempts to reach 

the' mobil^ terminal 1106, fbrrrts a Message ^t the gateway 76: and transm'its'the^messagerto the appropriate Satellite 
interface Trunk' UriiM 207 and th'ehc'e'td the Pagih^Broadc&stSystem- ^2: ! The Paging/Broadcast System 1112 is 
35 sited in a good location (e.g .'the top of ^a mountairi or s6me ? bther high i 'plaee).' The Paging/Bfoadcast'-Sy'stem 1112 in 
turn broadcasts'trVe paging message on a frequency (typically a bwer frequency) which is able to penetrate the building 
' successfutiy.' The' mobile user terminal' 1106, with ah appropriate receive r Capable- of' tun ing to the lower frequency 
either automatically or on demand from the user, thence is notified that a call is'waiting? The mobile use rpth us alerted, 
can move' to a location; (e F g: outdoors or heara winddw) where' the paging message can be responded to and the 
40 1 incoming call connected. Using this techhique the Pa^ih^Brbadcast System '1 11 2 can also^be used to broadcast data 
and messages to rriany users simultaneously vta :t tti£ Pagin^Brbadcast/Message links 1 11 3: - v 1 ' 

; A fea'ture'of tnis' invention' is an elimihatfoW of 'dbijble hop to tmprove'cbmmuhicatloh quality^ln general, satellite 
communications using LEO (and MEO) satellites are transmitted to : a gate way 76" and thence to the PSTN 75. If the 
communications is 'to a terrestrial called- party,*' trie ^rfo^-'through the ! satellite is equal tb: •> • • ' " : ■ = 

: • i -,,.'!:' "C .'':'V' .■ 'C . >."." ■■."J . \>.'"J\ t ' , ;;!0j" *', i..>.:l 'COL^CWiV-'i ;V l '\ \- ■, 



so 



•'T(sat delay) t T(dnlink) > + X (gateway); 



where the^uplink and downlink^ delays are a function -of -the' satellite %tt if udeV ' 
The total delay for a 1 "GEO -Synchronous system' is: : ■• > 



55 ; -•:■/.*■- ; .;, , ,.v. JtGEOJ.^^djgrtizalion).;^ 7<mpdy!ation) + < 
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Typical values for the digitization, modulation and gateway effect yields a static delay of 100 r»s, plus the propa- 
gation delay For the GEO-Synchronous case this results ina typical value of 360 ms. For a double hop communications 
link this results in a value of 720 ms. Delay values this large yield unacceptable performance for voice, and are virtually 
impossible for data communications. With low earth orbit satellites, this delay is lower: 

"'"(LEO) 7 ^(digitization) t T(modulation) + 
T (sat delay) ^ T (gateway) * l T (upfink) + T (dnlink)l ; 

..where T (upljnk) = the propagation delay, from the. user to the satellite and T (dnljf?k) = the propagation delay from the 
satellite. to the gateway (or. othe/^deyicel. or^where T^ij^ =.the propagation delay from the user to the satellite and 
T (up | jnk j = the propagation delay from the satellite to the gateway-(Qr, other device).' vVi . " " . " 

Since the path lengths are the same in either case only one is necessary to be considered. The delay to a LEO 
satellite is a function of the distance from the gateway 76 to the satellite 10, and thence to the user as shown in Fig. 
3. This distance is a function of the instantaneous altitude of the satellite,' itsbrbital position, and the distance between 
the user and the gateway. This delay also varies with time. 

By example, and referring to Fig. 2A; fef a N s&tellite thaPis directly overhead at an altitude of 1400 km, with the 
distance between the gateway and the user being zero, the one way path delay is: 

Path Delay (min) = 1400 x 2/300 = 9.4 ms. 

Referring to Figs. 2B and 2C, and for a user at the maximum slant range of an orbiting satellite, with the user and 
gateway both having a minimum e'3vatipn angle pf 10 degrees, the path, delay (path = 3500 km) is: 

" . "V""' ' S\ ^l^pk^wax) = 3500 x 2)300 = 23.4 ms> h ,r - f -P' : iiff - ~ • ; > ; 

\ Thus the total nriaximurrijLEO.delayvis .110 ms plus 23 L 4 ms =133.4 ms : whiqh yields a double hop delay value of 
.266.8 ms. iWhile a value^oH 33 ms is yery acceptable for voice commun ications,, and .for, single, (jiop data communica- 
tions, the .double hop value? while yielding acceptable voice communications,, would have poor perfprrnance for data. 

Therefore, it can be appreciated that it is important to reduce the data communications to ar^d from users to a 
single-hop configuratiqn^thereby eliminating. the, delay, asscxpjated with. the double ^opjcase. As will^e described in 
further detail tie low; the teaching, of this invention enables the elirptr^tion ^ py he double hop delay in mosj types of call 
configurations. 

It will be instructive to first consider a conventional general case. User terminals are typically connected to gate- 
ways, andlhenceto PSTN 75cbnnectibn's ) ,acjcordingtd: "(aythe slrTgletiop configuration", whereinusers calling another 
user is connected according to-Ftg. 3A, -(b) i fhrbugh-ona satellite-(Fig..3B),.or_(C) through two djffef.erit.satellites (Fig. 
3C): I'ri conventional practice the delay,- user td user; is riot optimized, and the call is set up through a svyitch, causing 
a doubling of the delay. That is, for GEO: < . i f r - * . n -...>■ \ 

'\ - ■■ \o: ^ . i ,M--.jjVtf sri* SO* . i.r.b ^h^fli-c* . J'oJ. i 

. - ^ * -s-v.i^. .',p.K)i,h;,::.s. i f no- , ^nn /; <N , C". • an. : . ? -K . r> , u- : - ' : 
m V' on'-.df-yjr. o:h- r ?Aw\ .-v.. orn C\ •. -'^pscM/.-j r » r . 7/ *.:;.:-»■..- ; 

If the switch is sufficiently intelligent to connect the users without demodulating the signal one of the delay com- 
ponents is eliminated, .resultirig in;- r • ^ vv t ■ ijPf , ' 



,0 ' o-. .'n^iej^i Si 'Double Hop delay ^-2 x Single Hopdelay =■ : - 



2 x 360 ms - 1 10 ms - 610 ms.-'- 
For LEO satellites at 1400 km the dejay is: \'[ u " . ^ . 
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lr . . . Double Hop delay (LEO=max) = 2x Single Hop delays - .. "~ t 

2 x 1.33.3 ms = 266.6 ms (worst case), or 

. Double Hop delay (LEO _ min) - 2 x Single Hop delay - 
2'X 119.4 ms = 238.8 ms (best case). 

1 Using ah intelligent switch, and eliminating the demodulation of the signal in the gateway 76, can thus reduce the 
delay to that of only adding anothe/path loss of 23.4 ms worst 1 ' case and 9.4 "ms best case, plus some processing 
^overhead in the gateway of about 50 rhs: * ' ^ ' : " 

■ 3 :: : ,h v;, : .; ; " .Double. Hop delay ^ [ . , 

. 'J. • !<;■;.. ,\. ■„ ; . + 50ms,= 20jfiJrm5;(w9:stcase); yt 

.j. *i ■vc" * -r. . . \ , ■, 

Double Hop delay (LE(>partial min > = 1 x 1 1 9.4 ms + 9.4 ms 
+ 50 ms = 178.8 ms (best case). 

For a Medium Earth Orbit '(MEO) system' (at : about 10/312' ^m)' : the' delays are 96 ms for a two way path to an 
elevation angle of 10 degrees, and 69 ms for a path directly from the satellite to the sub-satellite point. These values 
lead to double hop delays of between 358 to 412 ms, or. 2^8 to 352 ms for the optimized case. 

The graph shown in Fig. 4 summarizes the various delays for the LEO, MEO and GEO satellite cases. 

An important aspect of the teaching of this invention is a significant reduction in signal path delays, enabling im- 
provements In the use of various data networks?such as the TCP/IP iieiwork"Ve;erred to previously A communication 
hiethcxJlh'accoVdance with ah embodiment of this invention beneficially reduces or eliminatesMhe cases of double hop 
thVoucjh satellites by employing orvboard satellite'signal processing! antfcaii routing,-: to and from Wireless Local Loop 
''systdnHs. ' K ' \ ' : ' ' u '' ' ' " ' : " — ••>'■> - ; • - : 

J Reference-'is how made to Fig: '5 for illustrating various :cases (A-H)of combinations of calling lor. a number of 
Regional Service Area 101 1 connections. The following Table summarizes 1 these various case's. ■ • i 

J.. /l. - 



- i,* ) TABLE » 



"Case' 




A , 
B 
C 
D 

t, i . 
E 

F 
G 


;■ A-call within the WLLSA 1;101re.g., a- fire*. WLL Subscriber Unit 1 ip2 : to a second WLL Subscriber Unit 
1102viathe WLLBS 1105. . j, ■ jT,,. .« v w 
A call to/from a WLL Subscriber Unit 1 1 02 in the WLLSA 1 1 01 to a Subscriber Unit 1 202 within the Regional 
Service Area 1011 , but outside the WLLSA 1 101 . ; { ( 

A call to/from the PSTN terminal 75a : to'^WLL Sub'scribe^tihit 1202 in the WLLSA 1101 , via the gateway 
76, satellite links 1208, Virtual \Gateway A 13P8, and WLLBS 1105. 

A call to/from the PSTN terminal 75a to" a Subscriber Unit 1202 in the Regional Service Area 1011 , but 
outside the WLLSA 1101 , via the gateway 76 and satellite links 1 208, and bypassing the Virtual Gateway 
1108 and WLLBS 1 1 l 05: ■■-'^ 'o,;!;V'r .or • \; 

A call to/from a Subscriber Unit 11 02 in the WLLSA 1 1 01 to another Subscriber Unit 1 1 02 in another WLLSA 
1101* within the same Regional Service Area 1011. 

A call to/from a.Subscrtber Unit 1102 in one WLLSA^IO.f in a first Regional Service Area 1011' to a 
Subscriber Unit 1 1 02 within a second Regional Service Area 1011, but not in a second WLLSA 1101°, using 
the WLLBS 1105 and Virtual Gateway 1108. . , . 

A call to/from a Subscriber Unit 1102 in one WLLSA 1101* in a first Regional Service Area 1011' to a 
Subscriber Unit 1102 within a second Regional Service Area 1011 in a second WLLSA 1101 '. .using the 
WLLBS 1105 and Virtual Gateway 1108, and possibly bypassing the gateway 76': : : ' ' 
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TABLE ^(continued) 



Case 


, ^ Description ' ' ' 


H 


A. call to/from a Subscriber Unit 1202 in Regional Service Area 1011 to another Subscriber Unit 1202 in 
Regional Service Area 1011 or in another Regional! Service Area 1101' (neither Subscriber On it being 
located in a WLLSA 1.101), possibly using the gateway 76. ' , ' ' 



' In^alf of-these cases, with the exception of the4atter case- of. the call to/from one Subscriber Unit 1202 in Regional 
Service-Area 101 1 to another Subscriber Unit 1202 in Regional Service Area 1011 or in another RegionahService Area 
1-101',' it is possible to avoid utilizing a double hop communications linky thereby keeping the signal propagation delay 
as low as-possible. With the exception of Case A (i.e., subscriber to subscriber links within a single WLLSA 1101) the 
links utilize the satellite 10 ; and possibly a'lsb.the gateway '76, for completing' the ilink: What is important is that the 
linking interface (the gateway 76 and/or the Virtual Gateway 1108);recognize the type of call and route it accordingly. 
In ori-bdard processing embodiments^ 'this invention it may be necessary for only, the satellite 10 to recognize the 
type and destination of the call and route it accordingly. ... , -, ■ ; t r .j, . . 

The basic interconnection plan is 'shown«Figs. -1 A-1 D, wherein theftegional Service Areaj1011 : is located within 
satellite beams 1010/ One purpose of the' Regidnah Service Area 1011 ^isi to augment terrestrial WLL installations to 

'■form an-Ehhanced Wireless Local Loop^(EWLL')' Service ; Fig. 6 illustrates an exempiary\EWLL installation, in accord- 
ance with this invention, and a connection^© the 'remote^ PSTN 75. A wireless IpcaUoop system. 1100ris: connected to 
the PSTN 75 by some means, either terrestria I :(e:gVfiber optics or microwave) or a satellite link. 1300 (typically a Very 
Small Aperture Terminal (VSAT)'x>r other sate I lite H ink). In this case Jthere is/a terrestrial Wireless Local Loop system 
that includes WLL Subscriber^niTs (S6s> 1102 mounted on- dwellings that are connected .to user handsets 1103. In 
tunvthe WLL' SUs 1 1 02 are able ^o communicate' over an' optical or; Radio Frequency Jink 11XWto .the Wireless Local 
LbdpBase Station (WLt_BS) 1105. The^WLLBS 1105-performs the task of connecting calls to and from WLL SUs 1102 
to other WLL SUs 1102 within the WLL^Service Area (WLLSA) 1107, The WLLSA51;107 may be. considered as a sub- 
region of the Regional Service^Ar^f10ti, ! -TCere may be^morethan'one WLLSA 1107 located within a given Regional 
Service Area 1011 . Connections butof the WLLSA'HW (containing from/1* to nWLLBS\1 105) are made,. in this example, 
by the Virtual Gateway ih 08;- also -referred to as a Sat-lnterface Unit.^One: purpose of the Virtual Gateway 1108 is to 
allow calls to be made' from the" WLLSA ^1 107^ to the PSTN terminal 75a connected to the SPSTN 75, which may be 
located at a remote site, 'erg!, 'hundreds 'or thousands of miles ; away. The VSAT pr other -satellite .service links 1300, 
such as : by example, L-Band and S-Band links to a LEO satellite communications; system; connect the WLLSA 1107 
to the satellite 10 anoVvia a leede'rlink 1305 (for exarhpler- a C-Band onKa-Bandtfeederlink): to the gateway 76 and 
thence to the PSTN 75. /; . .- ;: , i 

: ' ^ Ffeference in this regard can be had to various ones of-the above-noted:U.S. Patents for describing embodiments 
of a LEO satellite constellation and gateway architecture' that are suitable for practicing this invention: By example, the 
satellite service links 1300 anci feederlinks 1 305 may use direct sequence, bode division-multiple access (DS-CDMA) 
protocols! In other embodiments time division-multiple access (TDMA)>protocbls can be used. It shouldithus be realized 
that the teachings of this invention are not restricted toanyorife'particufar satellite system architecture,' orbital altitude, 
modulation or access typejbands of frequencies £etc^- <~^ol t oe^:j r: ,-; . c-.m ; ). ; . s . - :r 

Returriingto Fig. 6, there'are typical lySne "dr> more- fi>tedphc)h'e' installations 1201 located in .the Regional Service 
Area i-lOU* which ar&not-ecohdmfcally connected tdsthe'WLLSA^1107:duetb.terrain J difficulties; range, or combinations 
of both. It is desirabletotbnnecVthe^fi^^^^ 201v comprised otSubscriber.'UnitS '1202 and handsets 

' 1203; ; to other WLLSA SubsdriberU^^^ andtoeach other. This invention 

' provides the facility to 1 make theVe-ec^he^ the calHhrough the gateway .76. This feature provides 

a genera! throughput advantage at the 1 gateway>76,- f ahd reduces overall system delay..' . ; v 

^ ' f Still referring to Figr6?; there are^sers located in the' terrestrial. WLLSA 1107 that use a telephone handset to make 
callsf'At least four types of calls are possible:*""; ; vii.-,:inu.-.q c \ . . -^^^v. 

(A) a call to/from another user within the WLLSA 1107;^ - ; . .^2L..-^,/v.. .v^.: k;,; 

'(B) a 1 call-to/from anotheruser outside the WLLSA-4107 but-in the Regional Service Area ;1 011 ; 
c ' ~ ;, '(C) a call to/from the PSTN 75 ; by fa subscriber within- a WLLSA terrestrial system ;• and 1 *. 
/J (D) a call to/from fixed telephone 1 installations 1201 within the Regional Service' Area 1011 . 

-These various calling cases (A-D) are how discussed separately and in greater detail. j . 
It should^ be realized that 'while the description 1 of the following procedures is made:in the context of presently 
preferred 1 embodiments, various changes and modifications can be made to these embodiments, and these changes 
and modifications' will still fall within the'scopeoftheleaching of this invention. ■ , ,j ' 



(A) For the case of a call to/from another^user within the WLLSA 1107, outbound calls are routed from the user 
handset 1103 to the Subscriber Unit 1102 where the traffic is digitized, modulated, and sent over, by example, the 
Radio Frequency (RF) link 1104 to the WLLBS 1105. The call is processed by demodulating the call, and is sent toa 
switch within'the WLLBS 1 1 05. The switch makes a decision f or routing the call based on information (a dialed telephone 
5 number) that is transmitted over the RF link 1104 from the user In this case the user's call is routed to another user 
within the. WLLSA. 1.107 based on the routing information. The call is then modulated onto an RF carrier andtransmitted 
by the WLLBS 1105 over link 1104 to another Subscriber Unit 1102. Generally, the switch makes a decision of routing 
based on a telephone number dialed,. and perhaps a subscriber ID number In any case the, switch knows, after con- 
- ' ^suiting. the number or a part of the number/ that the call is a Jocal call within the WLLSA "! 107, and does not connect 
10 the call to the- Virtual Gateway 1108. After receiving the call at the called Subscriber Unit 1102 the associated user 
terminal handsel 11 03 is alerted and, if desired/ the called^party answers and a traffic circuit is completed. 

■ Many calls of this nature are* possible, since the WLLBS 1105 can be configured to handle up, to 100 or more 
simultaneous calls. This number of circuits can support populations of 2000 - 5000 users, depending on calling patterns. 
" The range'of the terrestrial local loop RF system may limit ithe area-covered to about 10 km in radius, or to about 315 
15 square kilometers." •^■c^'sw,^.? . * ■ -/ 

Inbound calls to the user. terminal tiandset 1103 are -accomplished, iagthe. same manner. In this case the WLLBS 
1105 only nseds. to recognize that a . user is callnaa^notberfof the WLLSA subscriber units. A small PBX device is alt 
: that is necessary for thisrpurpose; The PBX device; mayBu&e.idigital switching, interrogating a database held in memory 
" to perform the. addressing function/for Outgoing on incoming ^altsii*. :; ;• / i!;//-. 

20 <- . The signalling to set upatcatl is ; shown; iin- Figs. i7A;and ; 7B:fori both inbound;and outbound calls from one WLLSA 
' v subscriber 11 03 to another WJjLSA Subscriber. 11 03.: The. details ottfoe call signalling may be different for different WLL 
systems,, but in- general the processes will be; si mi Ian to shown in.Fig?73. As is illustrated, a user of handset 11 03 dials 
another WLtlSA user handset .11 03: in the same WLLSA r 1 107m ;T+ie calling 1 user, unit signals the WLLBS 1105 which 
verifies' that the. user is in the; WLLBS database, 11 QSa and is aufbe^tic.Ahe WLLBS 1105 then initiates the call setup 
25 procedures! The WLLBSUOS receives the dialed .numbe^:assjgns.£foannels and starts a call timer. The calling WLL 
user unit and the called WLL-u-ser, unit are-signaled by the .WLLBS ;1 WSinglW ying them of the assigned channel pair 
- (transmit and receive) -for: lise.^The user units then shiftld the assigned channel pair and communications traffic begins. 
Communication continues until ioiie userounit disconnects. At this time the. WUL-BS 1,105 receives an on : hook signal, 
stops the calf.timer^and de-atlocates the-WLL system resources. used\to ; complete the call, such as by de-allocating 
30 the' assigned channehpair The user/unttsfeturndo standby, as ck>e^ ; tha -WLLBS^1105 (assuming that it is not in the 
process of handling/other calls). -■'•=■. : : . ' - o • ■ : ; : .^fvl;! J 

r< At this point ti'willibe instructive to discuss^call billing. There are two.alternatesjor call bilting. The first is satellite- 
based and the second is WLL-based. .: 

: Consideringfirst.the satellite^basedibillinO/case, after communications setL(p ; is completed a call timer is initiated 

35 on the satellite 10 toitime: the duration oUhe^sali. The. elapsed, sail time flogged.; at call termination. After the call is 
terminated,;the caJhtime and;the"jdenyfiGationtOf;the,Qaller'1-203 is, (o.r.rnay ibe) concatenated with other call billing and 
sent over link 1305 to the gateway^© for processing. ;AIiernativeiy ; . it may be^sent over link 1-300 to the Virtual Gateway 
. 1108 and thenceito the WtajBS:1105^orMling/ li ^ : ji r- i.e;:- i-.yr. \ -j ' ■ >■< r . . « 

In the second, WLL-based billing case, local caHiog within the WLLS^-1,107 to and from user 1203 in the Regional 

40 Service.Area *1.01 may bei metered within -thecWLtBSiltl 05.; r^Jhis leaye^pnly tfoose calls outside of the WLLSA 1107, 
i.e., those to the PSTN 75, to be , metered:- aga in eiJhejjmfth^ the groundat. the, gateway 76. 

. i (B) : Ror the.case of acall to/fromjanothe/'U^erj^^ but-withina Regional Service Area 1011, 

referred to hereinafter simply-as a Fixed VirtuakGatev^ys.Mse/^ qa!!.(traffic) to the FVGWU 

1 203 f ronrv trie: WLL SU 11 02 is digitized; ovulated; ia^^ Fig. : I D) to; the WLLBS 1105. 

45 ' Note that the handset 1 1 03 and the; Subscribe nUnjt 31 0£.may.;jpe ; ,a. single, unit, and may be collectively designated 
hereinafter simply.as a WLL Subscriber Unit (SU),!1j103;; J'he..paJI J ^s>rputed by t-hejSatMnterface Unit or Virtual Gateway 
1108 over satellite link 1208, more particularly link 1302 (Fig ; !6), .tQ.theieateJIites JQJn vjew, The .signal structure (e.g., 
super frame) is demodulated sufficiently to determine from which Regional Service Area 1011 the call is originating or, 
alternatively, is processed as discussed below -,c... . * ' • icriio' ■■ 

50 As was previously indicated, the Regional; Service i.Area 1011 .is a/egipn on the ground which; corresponds to a 

database of user terminal locations; essentially, a mapjniqne embodimentpf this invention,; i.e.,, an>pn-board satellite 
processing embodiment, this map is carried within- the satellite xomputepimemory This. location may be covered by 
many beams from different satellites. A Ground Operations Control Center (GOCC) 77 (Fig. 6) knows the condition of 
the satellites 10, the systemrfesourcesjhat are : ay^i)at?le lV and,the system time. According to a, predetermined plan, 

55 which is pre-loaded into, the satellites now serying the^area .that includes, the-RegionaU.Seryjce Area 1011, a decision 
as to which .satellite to handle the call cap be made collectively, according to. informal ion transmitted to the satellites 
10 by the GOCC 77, via the gateway 76. The appropriate .satellite 10,. selected ;accordjng-to : the information, accepts 
the call which is originating within the Regional Service Area 1 0 1 1 . A decision on routing then takes place. The satellite 
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10 determines that the call is to another user within a certain WLLSA 1107 according to the.telephoee number dialed. 
The satellite 10 communicates a call request to WLLSA -1107 via the link 1300 (Fig. 6) to.Sat-Link Interface 1108 The 
c.-il! requests received and after demodulation is sent to WLLBS 1105 which completes the call setup oyer link 1104 
to subscriber unit 1102 and thence to handset 1103. In. greater detail, 'the call is processed by demodulating the RF 
5 signal within the Virtual Gateway 1 1 08 and is then sent to the switch within.the WLLBS -1 1 05. An RF circu it is designated 
= to handle the call, which is then modulated onto an RF carrier and transmitted by the.yVLLBS 1105 over link 1104 to 
■< a WLL Subscriber Unit 1102. Generafly,.the WLLBS switch makes a decision of.routing based on the telephone number 
dialed, and possibly also on a subscriber ID number. In any case.the switch, after consulting the telephone number or 
a part of the telephone number, knows that the call is a local call within the WLLSA 1 1G7 and does not connect the call 
' '10 » fto the Virtual Gateway 1 1 08: 'After receiving the call at.the WLbSubscribec Unit 11 02 the SU. 1 1 02 generates an alerting 
j signal,* if desired the called party answers, and a traffic/circuiMs. completed. Many cajls.of this nature,- are possible 

simultaneously, limited only by the capacity ;ol the Virtual Gateway 1108. . ,.. f . , , y . y - t ;, ; J( v: 
; /- 1 r The range of'the Regional Service Area 10,11 * local- loop RF system is. gene rally very large,, and is. typically limited 
only by the viewing area of the satellite 10.: In general, there will be many beams ,oa the .sat el |ite 10 ; and the area will 
is : be smaller than that seen from the satellite - As- was discussed previously; there can be an arbitrary number of Regional 
1 Service Areas: 1011, covered by many satellitejbeams.H:; , . .? ■.. .v. x . ■ . • w;^ 

1 ' Inbound calls to the user handset 1103 from theiFVGW.U 1203 are accomplished in the same manner. 

In the case of an* outbound; call f rom tha FnVQWU 1203 outside ,lhe WLLSA 1107, but witjiin ^Regional Service 
^ Area 101 1 containing the WLLSA 1 107, the satellite:! 0 need only recognize thaljhe-FVGWU V203 is calljng a member 
20 io of the set of WLLSA subscriber units 1 102i;and theYijroule the! call directly to the Virtual Gateway 1 1 08, and not to the 
gateway 76. A' small PBX deviceat the .WLLBS! -11 05 is all- that is necessacy for .completing the call. TOs device may 
■ use digital switching, interrogating ^database? field in memory to perform. the addressing function for outbound calls. 
: » For the case of an inbound call if ronrva. WLL; SU 1102 inside the WLLSA. 1107 and directed .toward the FVGWU 
1203 within a Regional Service Area 1 01 tl f . the WLLBS 1105 need only; recognize that the cajled party ,is a member of 
25 . the set of the terminals within the^ Regional Service Area 1 011, transfer the call setup information to the Virtual Gateway 
1108 which in turn communicates tathe satellite 10 servinglthe' Regional. Service Area 1 0.1,1. afiea. of theFVGWU 1203. 
-The satellite 10 then routes thecal! to'the proper beam and sets up;the.call. o v;' Vu ., , :; , 

Referring now to Figs. 8A-8D, aa embodiment is. shown wherein on-board .signal processing by the satellite 10 is 
not required for the case B bf a;calMo another; user outside the WLLSA-1107, but within a-Regional Service Area 1011. 
30- ' Referring first to Figs- 8A r and SB for an outbound-call frorfTalWLL Subscriber .Unit 1,103 to the £VGWU 1203, the 
! ^use'r of the WLL Subscriber Unit 1103 aials.the number of the FVGWU . 1203 and: thus. signals a request for service to 
,; the WLLBS 1105. The' WLLBS 1105 examinesiitsilocal WLLBS "database /1 1 05a and finds that the number dialed is 
hot associated with the : WMSA7l107: The WLLBS 1105 then signals the Virtual Gateway 110&requesting service, and 
passes thedialed numbered the Virtual Gateway 1108: The Virtual Gateway (1108 verifies that the called FVGWU 1203 
35u z j s in the Regicina^ServiceiArea 1011^signa|slhe gateway 76 via satellite 10 to request satellite service,- and transmits 
;: the dialed number to the gate way-76. The gateway 76 receives; the ; telephone, numbenof the FVGWU 1203, verifies 
r that circuits are available,* and authenticates the user. The gateway , 76 ithenpages the.FVGWU 1203 ,in a RSA (n) via 
the satellite 1 0. If operable; the FVGWU 1 203 receives.the page ^acknowledges ; the page (AG K), and begins preparation 
■ : togo on line. The gafeway:76 receives the ACK, assignSiajchannel/RF circu it rpatr tct the FVGWU 1203, and signals 
40 the FVGWU 1203, which then shifts to the assigned channel and goes;toLstandby waiting for the connection. The 
- gateway 76 also'signals the A/irtual Gateway- 1 J 05; transmits- the. clnahnel/Gircurt pair assignment; and goes to standby. 
The Virtual Gateway 1 108 shifts to the assigned channel/circuit and signals the WLLBS 11 05 that it is ready to receive. 
The FVGWU: 1203 upon reaching its assigned channel/circuit signals the' Virtual Gateway:! 108 that it is on-line. The 
Virtual Gateway 11 08' receives :"th& c^-rtheHrtdk^ and goes to standby -waiting the connect. 

45-. The WLLBS 1105; upon receMn^^heOK ready^OiceceiVeVassignsa WLU channet/oircuit pair, starts its own call timer, 
- and signals the'WLLiSubscribeF'Uort ^lOS with fthexhannel assign ment>The-=WLL. Subscriber Unit 1103 then shifts to 
•'■'the assigned channel/circuit' ancUbe^ins-the:cpnriection: Alii units are-theiv connected, and the telephone call traffic 
> - : begins duplex operation;over the assigned chartnel: pairs; ..Either unit can cause.a call termination. The disconnecting 
- ' uriit j sends an bn-hbok message' to'the VI rtualJGate way 1108 (or the WLLBS I105;iwhicb sends. a similar message to 
50 the* Virtual Gateway 1108), andthe call timers f stopped. The Virtual Gateway 11 08: then signals the WLLBS 1105 and 
(ha gateway'76 to re lease "channel/c if c bit resources. ln:reeponse, each then logssthe-dall time for future billing purposes, 
- ; ]( ~ Randall units go *to : staridby awaiting ithenextfcall. * : r -.■». . J ■„•.■..'; -.-v :' * : ; . 

■ : - v'i For the case of an 'inbound calUfrom the= FVGWU 1203 to the WLLSA Subscriber Unit 1103, the call is processed 
in the following manner^ Figs. 8C'and 8D): The-FVG WU 1203 dials the telephone.number of a WLL Subscriber Unit 
55 1 103. The gateway76 verifies that a circuit-is available,' receives the- service request, authenticates the FVGWU 1 203, 
arid proceeds to'process thecatl:'-The gateway 76, upon checking the number dialed by the EVGWU 1 203, recognizes 
^from the stored database 76a- that 1 the' cafl is^ not to' the PSTN 75, but is fora number located in the WLLSA #1 (or 
* another WLLiSA 1107 assigned to the* gateway" 76). The gateway 76 then signals the WLLSA virtual Gateway 1108 
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thafan incoming call, is requested. The Virtual Gateway 1108 receives the service request and signals the associated 
WLLBS 1105 to request a service link lb the dialed number. The Virtual Gateway 1108-may at this time also set up a 
temporary number with the' gateway 76 for billingpurposes.The service request is then received by the WLLBS 1105 
which then verifies that the dialed user* number telephone is available. If not. the WLLBS 1105 signals the Virtual 
■ '5 - ' Gateway 1108, -which in turn signals the gateway 76 to indicate to the FVGWU 1203 that the -number dialed is not 
available! If {he dialed telephone is available, the WLLBS 1105. signals the WLL Subscriber Unit 1103 to ring. If the 
!( ■ ' WLL'Subseriber Unit 1103'is busy'a busy -signal : is reported back.to the FVGWU 1203 and the call, is not completed. 

- ' * r If the'dialed telephone is alerted but is riot answered, the alerting is terminated by the FVGWU 1 203. going off hook or 
' "is timed-out by the 1 Virtual' Gateway 1108. If the called WLL Subscriber Unit 1103 goes off hook, the WLL Subscriber 
10 Unit 1 103 sends' an ACK message in response tothe previously received page sent by the WLLBS 1105. The WLLBS 
• 1105 then signals the receipt of the ACK to the Virtual Gateway .1108 and sets up the WLL loop end-qf the call. The 

WLLBS 1105 assigns a frequency channel pair enabling duplex operation, shifts to the i assigned channel pair, and 
; goes to stand by/The v WLb Subscriber Unit 1 1 03 i receives' the. assigned channelpair, shifts to the assigned channel 
pair, and goes to stand by. Meanwhile, the -Virtual Gateway 1108;trahsmits the page acknowledgment to the gateway 
\ is> ■ 78. The gateway 76 receives the page acknowledgement-verifies circuit availability, assighs.its own (satellite) channel/ 
circuit pair, signals the FVGWU 1203 which channel/circuit, pair ;to use, assigns a.(satellite) channel/circuit pair to the 
' Virtual Gateway 1108 (Which may not be the.same'as:trte '.channel/circuit pairof: the FVGWU 1203), and then goes to 
■ - • standby until signaled r that the assigned channel/circuft ; ipa'!r(s)!are no longer needed.The Virtual .Gateway 1 108 shifts 
to" the assigned channel/circii it-pair and goes to staridby^The <FVGWU 1203,^after shifting to the assigned channel/ 
1 20 ' • circuit pair sends an "on line* : message to 1 the VirtualGate way i/0108r,via satellite 10, which then signals all involved 
f - units to go from the standby /state to-the: connect state !(this.sTepcmay-,be. avoided). The Virtual .Gateway 1108 then 
- ^ signals the WLLBS 11 05' and starts a cair timer The WLLBS .«05 may also start its call timer (if.desired) and the call 
proceeds. Either unit end can cause a call termination. The disconnecting! unit sends an on hook message to the Virtual. 
' ^Gateway 1 108 (or the WLL3S-T^105 which sends a similar message ito the Virtual Gateway 1108), all active call timers 
2B are stopped, and the Virtual 'Gateway* 1108 signals the WLLBS '1105 and the gateway 76 to release channel/circuit 
' 1 resources. Each unit thenlogs'the call time forfuture.billing purposes,iandall:units go to standby awaitingthe next call. 
(C) Turning now to. the case of a:call to/from the PSTN 75 by^WLL subscriber, with in a WLLS A terrestrial system, 
^outbound calls from' the. WLLS A subscriber are routed from the ! handset ~m 03 to the Subscriber Unit 1102 where the 
1 traffic is digitized,' modulated, and sent over the. Radio Frequericy:(RF)i1inkriH04 tojthe WLLBS 1105. The call is then 
30 processed by demodulating;the received RF signat.ctnd is sent tothe switch within Jbe WLLBS 11 05. The switch makes 
a decision for routing based oh information transmitted overth'a RF fink ;frorh; the, user. In this case the: user's call is 
routed to the PSTN 75 over the satellite RFHink 1300and feeder link 1305 by-connecting to the Virtual Gateway 1108. 
This- process' is accomplished by first signalling a request tor se'rvice from; the -WLLBS. 11 05 unit to the Virtual Gateway 

- * 1108: The Virtual Gateway f 11 08 in turmsignals the gateway 76.bver!Nnks/130ekand ^305 requesting. a : service Jink. 
35 The request is received-by the gateway:-76 and processed/ signalling the PSTN 75- to set- up a call \o the called party. 

!n parallel, the Virtual Gateway .11 08 "and thergateway 76 srjift to a traffic channel, from the access channel used to 
- rf make the* call request and begin. final call; setup:; Uponi-the* called party going off .hook, communicationbegins. Call 
*- timing and billing is accomplished by Me gateway, or, alternatively by the, WLLBS .11 05. v " 'o'sa ^ .. 

- In this caserne WLLBS 1 -1.105 need only; reGognizeithat. the. called party is .the PSTN terminal 75a, and not another 
40. WLLSA Subscriber Unit 1102:or the: FVGWU 1203. D^riw^s on: o noni ■ ' , iW-:v \ 

■ It should be. noted that some or all of the -gate way vexeeuted functton&jnnayrbe done on -board the satellite 10 in the 
*bn-board processing' embodiment. . ;? f.:^-'i Mr^xrV-i^nnfiiiobeM'-ri^at? crii ^- u v" *■':■ :.'' 

. Inbound calls to the WLLSA Subscriber Unit: 1.1.02! c£n bcigjnate atiany fRS.TN terminal 75a<anywhere in the world. 
The caller dials the number ol the .WLL handset >1 103: wtthin^the. WLLSA; VI 07 - The PSTN switching system routes the 
45 call to the gateway 76 that services the Regional Service ; Anea:iauthat^ct>ntatns the WLLSA 11Q7'Wherein the called 
WLL Subscriber Unit 1102 isloeated. The database 76a<of the gateway .76 contains in format ion for specifying that the 
• called WLL Subscriber-Unit 1 1 02 can toe reached through a particular^WLLBS 1 105 associated with a particular Regional 
Service 1 Area 1011. The gateway 76 then searches the database 76aito:locale an appropriate. Virtual Gateway 1108. 
An assignment of a temporary telephone' number is made by the gateway i76 : and is associated .with the. incoming call 
so for billing purposes. The Selected Virtual Gateway T1 08 is then signalled to pass -the 'called - number (not.the temporary 
number) to the WLLBS 1105 which processes the call request.-and then:signals. the called WLL Subscriber Unit 1102 
over the RF link 1104. In response, the associated handset 1ft03.is.alerted: Upon the, handset, 11 03 going off hook, or 
in parallel with the alerting process;Ja iink is established on a free channel of .RF Iink 1104, which may or may not be 
the same RF link used previously, for signallingthe.VVLL Subscriber Unit J 1 02, and the call proceeds. Both the WLLBS 
55 1105 and the gateway 76 can monitor the call time,,and billing can be done from either. ...... . 

In the foregoing example the database 76a: of the gateway :76 is , required to store the telephone numbers of the 
WLLSA Subscriber Units 1102 that are-assigned tcthe Regional-Service Area 1011 and the WLLSA 1107. 

As before/it should be noted that some or allot the gateway-executed functions may bedone cn : board the satellite 
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10 in the on-board processing embodiment. ... ( . Ar ... 

Referring now to Figs PA and 9B for a non on-board satellite signal; processing embodiment, it is jirst noted that 
- . an alternative to onboard satellite signal processing utilizes a conventional "bent pipe" satellite repeater with a com- 
bination of the Virtual Gateway 1108 and gateway 76 ,to.place calls to and. from the PSTN 75, jAxall made from a 
5 WLLSA subscriber unit 1102 to the PSTN terminal 75a is processed in the.following manner The WLL subscriber goes 
^ off: hook and dials the telephone number of the PSTN terminal 75a. The WLLBS 1105 receives the request for service 
r oyer an access channel of the RF.Iink 1 1 04, checks it database? 1 105a, and determines that the call is not a local call 
to another WLUSubscriber Unit 1102 within the/WLLS A 1.1 07 ( .(see-Figs. 7A and 7B). The WLLBS 1105 originates a 
request for a satellite circuit and forwards the request to, the Virtual Gateway 1108 alpncj with the called telephone 

- io number. The. Virtual Gateway 1108 first checks to see . if the telephone number is. associated ( with one of the user 

terminals within the Regional Service Area 1011 (e.g., one of the FVGWUs 1203, as in Figs. 8 A and 8B) ; . Since this is 
(J . not the : case for this^example, the Virtual Gateway, 11, 08 formulates a PS\n or other, WLLSA service request and 
forwards the service request and the dialled telephone number to the gateway 76 via the satellite, 10. The gateway 76 
receives the requestor ^service and the telephone.number, verifies^ the availability, of circuits to,handle the call, au- 
15 thenticates the requestor, and initiates a call request to the PST^N 75. The call-setup follows estabjished PSTN 75 
■ . procedures. Upon a successful PSTN ^SiCjonqej^tion^.tiie gateway- 76 receives an indication thaLtbe PSTN terminal 
, 75a is off hook, assigns a channel/circuit pair jo v the ; Virtual Gateway 1 .lO^ums on the gateway-76 call timer, and goes 
. off line., waiting for a signat from the.Virtuaj^atewa^ 1 108, that the call js completed. The Virtual Gateway 1 1 08 receives 
the indication from the gateway t76.,that :: the g$JN4erm^ is off hook, shifts to the assign edxrjarin el/circuit pair, 

- 20 * and signals, the WLLBS 1-105 that itijs read^.to accept t raffic 0 The, Virtual Gateway .11 08. also initiates its call timer. The 

WLLBS 1105 assigns a WLL frequency channel ^air on RF Jink U04,and optionally starts its own. call I .timer. The WLL 
, Subscriber Unit 1102 shifts tpth^ assigned paired all units begin call-traffic. Either unit end 

can cause a calj, termination.^Tfje .disconnecting, unit sends an op hook messagejo the Virtual Gateway 1 1 08 (or to . 
the WLLBS 11 OS which sends a simjlar m^ call timer(s) is stopped. The 

- . 25 : Virtual Gateway 1108 signals the J/VLLBS 11<>§ and.the r gajeway 76 to^eleasetbe assigned channel/circuit resources, 
: each unit then logs the call time jor juture.ibiiljng purposes; and all units, go to standby awaiting the next call. 

Discussed now is the case of an inbound call to a WLL Subscriber Unit 1102 from the PSTN 75. Referring to Figs 
9C and 9D, a call made to.a WLLSA Subscriber .Unit, 1,102 from the PSTN 75, ( is. processed in the following manner. A 
V"i PSTN 75 caller at terminal 75a dials a telephone nMrnber assigned to a ^VVLL iSubscriber Unit 1102 !( .This number is 
. 30' : known by the PSTN 75 to be, associated, ,vyith, the gateway 76 The, gateway . 76 is : notified and verifies that there are 
.. . ; . circuits available, verifies thatjhe. number is in WLLSA #1 (or^the dialed: WLLSA);- formulates ^ service request, and 
. : signals the appropriate^WLLSA: Virtual Gateway 1^1 08> associated wjthihe dialed/WLLSA Subscriber Unit 1102. The 
= . .. Virtual Gateway 1j1 08. receives, the service-request, andj signals. the WLt^S IIOS-associated, with, the cWaled number. 

■ t The Virtual Gateway 1108.signa.ls the WLLBS 11 0&,th at service 
35. : ; ■ 1 1 02 is available and pages;tf)e .WLL, SU 1 1 02.; The WLL S ubscriber jJnit 11 02 receives the page and, if the user goes 
- '. off hook, sends an ACK or the ; page tp: the. WLLBS; 1105; Jhe.VVLLBS.UOS, signals the VtrtuaLQateway 1108 and 
f assignsa WLL R F .channel pair to the. WLL Subscribe ;rUn{U102. Tfr\e yirtuafGateway ,1 1 08 receives theWLLBS signal 
. and transmits an acknowledgement tQ the^gate way 76^Tbe:WLL Subscriber^ Unit .1 1 02 receives the transmitted channel 
f v pair assignment, from .the WLLBS 1105, shifts -to to. standby.. The , WLLBS 1105 

■ .AQ. ) then also sh if ts to th e ass igned .frequencies^ The, gateway 76 receives the ac knowledgementf rom the yirtua I Gateway 
' ^ . i'1108 ( verifies that it is ready,: assigns asatelji^ehaj^e;^ tolhe VirtuaLGateway^lOSi; signals the PSTN 75 

that it is ready, and then goes offline waitingi/QraiSjgnal from the/yirtuaJ ; Gateway. : 11Q8 that the call has ended. The 
. PSTN75thenprocesseslheready^ The Virtual Gateway 

11Q£shittstothe,assigneoVsatel^^ starts its call timer, 

4$ .. and goes tp standby.TheWLLBS ,1105, receives the reaoY signal, optionally -starts its own ; cal I timer, the call connection 
'i ' * is. completed, and traffic isrpassecHforough ;the : WLLB?; ; 1-1 05. Either unit end can cause,a. call termination. The discon- 
necting unit sends an on hook message to the Virtual Gateway 1108 (or to the WLLBS 11 05. which sends a similar 
;> < ... f.,;: message to the Virtual :Gatewayi1 108)<.aH- call timers ^rastopped, and, the Virtual Gateway 1108 signals the WLLBS 
'' .j : J ,1 1Q5 and the .gateway 76'tojelease the assigned channe.l/c ire uit resources. Each unit then logs the call time for future 
i 50 . t , billing purposes, and all units go tp.standby.awaiting ; the. next call. .1 P) , ; . . , 

r , - r.: . (D)* A discussion is now.made.o/Jhe ease of calls tp/fromthe fixed telephone installations.1 201 within the Regional 
r.. -,j..< jService^realOll^eg;, theFVGWUTt.20,3) thatarenpt.cjpnnectedtothe PSTN 75 or within the WLLSA 1107. Outbound 
< \.: < ^calls^from the.FVGWUr.l^Otar.e routed from the user handset ,1203} to. jthe Subscriber Unit 1202 where the traffic is 
. . (j digitized; modulated.- and, sent over an access;Channel on an RF link (i.e. , satellite RF link t 1 300 and feeder link 1 305) 
r 55 - : to the gateway 76. The call is then processed by demodulating the RF signal, and the called number is sent to a switch 
,f . within4he terrestrial .system -PSTN 75": which' makes a decision for routing based on information transmitted over the 
\ RP link: from the FVGWUL. 1203. The;gateway.76 assigns a. traffic^channet/circuit, and notifies the FVGWU Subscriber 
; - - „ Unit 1.202 of;the traffic channel/circuit to be used, where upon the FV(3WU.,1 203 and the, gateway 76 shift to the assigned 
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trafficchannel from the access channel and begin the final call setup. The communication begins upon the called PSTN 
terminal 75a going off hook. Call timing and billing in 'this case is done by the gateway 76. 
' In this case the gateway '76 only needs to recognize that the call is to the PSTN 75, and not another WLLSA 
' ; subscriber or a Regional Service Area 101V subscriber. * 
5 : ,v ' Inbound calls to the FVGWU-1203 may-originate at any PSTN terminal 75a in the world. The caller dials the 
" K ' telephone number 'of the FVGWU handset 1203 and the PSTN 75 switching system routes the call to the gateway 76 
' - ' serving the Regional Service Area 101 1 that contains the FVGWU 1 203 The gateway 76 knows from its data base that 
i: - r ' the : FVGWU '1203 can be reached at a particular Regional Service Area 1011. ; A page is sent to the FVGWU 1203over 
i; ;; an access chariheParid the FVGWU* 1203 is WrtetJ.' Upon going off hook (or-in parallel with the alerting process) a 
'id \ traffic link is set up on an available satellite channel/circuit and the call proceeds: The gateway 76 in this case monitors 
- the elapsed cail ! time With its call timer. 1 • ■ *■•<.-■ ■ rr." 

v Ih this'case' the gateway' 76 has knowledge of theHeleptibne numbers of the FVGWUs 1203 that are assigned to 
v 'the Regional Service Area 1011. " 1 "'^ * "■ • ;, * ) ' ' ' r - ' * ' '•*•'"' 

^ ' As'befor'e/itshould be noted that some or alt of trie gateway -executed functions may be done ori-bbard the satellite 
is' 1 -]q in the' on-boarcf processing embodiment. ' - J ^ ;r:9 ,J P v - ! ' :: < — 1 1 

: " ■ Referring to F;gs. 10A ; and 10B fortheriori on-bb'ar^proc'essing caseyand for the case of ah outbound call from 
1 ' ;: FVGWU SubscriberOnit 1202 ; td the PSTN* 75, the'FVGWU'*203'diats a PSTN 75 number-and transmits a request 
' : - for' service to the gateway 76. The 'gateway 76 received ^e 1 number and the request for service and determines if the 
: l): "' numbeVis a number within a -RSA-101 1 . If ho, thega:eway ?6 Verifies that satellite circuits are available, authenticates 
20 : ihe^user, and initiates ? a call session with the PSTN : 75- by signaling trie request. The PSTN 75 receives a call setup 
: ' message or messages; and adcoirding to its normal procedure i initiates a service request. Upon completion, the PSTN 
' : 75 signals the gateway 76, which then assigns traffic chanhet/ctrcuit pairs to the FVGWU 1 203 and turns on the gateway 
■ ' r 76 call timer, the FVGVVO 1203 shifts to the assigned^raffic'treq'ueric connects to the PSTN terminal 75a via 

' - { ''i-'the gateway 76 and satelirte RF- links. 1 Either unit ^hd can cause a^aWtermination. The disconnecting 1 unit sends an 
25 c on" hook messaged) the gateway 76 ; arid the -gateway's caii ttmer is-stopped. f The gateway 76 releases the assigned 
'traffic channei/circu it resources,' logsthe call time for future billing purposes, and all-units go to standby awaiting the 

hextcall. ' ■ ■ V ' r --'--- l - ; " ? < L :-:;,-.-..-..,!:■ =0 

'>■■- 1 For the case of-an inbound cafi frbm the PSTN 75 to the FVGWU T203, 'and referring to Figs. 10C and 10D, a call 
: :; ' is placed to the FVGWU e 1203 ; frorrlthe PSTN terminal 75a "by? dialing the h Umber of the FVGWU 1203. The PSTN 75 
' 30 '" routes the call request to -the gateway 76 associated with the 1 Regional 'S&rvice Area 1011 (and if the FVGWU 1203 is 
■ 'aYnenriberof the WlLSA community' that is associated with the Regional Service Area 1011). The gateway 76 verifies 
that satellite circuits and the FVGVVU 1-203 are available; formulates 1 a s^ and verifies that the number 

" dialed is in' R egibriaf Service Area i6l1 #x \%hich may Be*orte of many RegidhaT Service Areas 1011 assigned to the 
' 1 : gateway : 76). The gate way 76 then The FVGWU 1203 receives-the 

35' page and, assuming that the FVGWU 1203 goes biff" hdok, a 1 response to the page is sent back-tothe gateway^bver 
: ' the access cha hnel J The 1 gateway 76 receives the page', verifies that it is ready; assigns traffic channel/circuit pairs and 
' - signals (if necessary) the' PSTN 75 that it is ready The'^ssigned ; ehanri el/circuit pair is transmitted to the FVGWU 1203 
which then shifts to the assign edlrafficbhah^ei/cirbuits. notifies-the gateway 76; and the n goes tb staridby. The gateway 
• : 76 then shifts to'the assigned traffic ;r ehannel/ci call timer, ^all 'units go to connects and the call traffic 

40 : begins-'Either unif end can cause a call ter'miriatibhY^hg disconnecting unit sends an on hook message to the gateway 
76 and the- calf-Timer is' stopped. The gateway^e^refeas^ the assigned etehnbl/circuit resources, Idgs the call time 
for' f utu re < bi II ihg purposes , and al I uri its' go to stahdby ; await inQ 1 the next' 'ca II; - 1 - . *■ ; ^ - f 

: ' .Having thus : described the* four basic calling-'^ realized that various sub- 

cases and pe rmutat ions, of 'these f oulr bas ie 1 cases ! e^. 1 SeVerarsuch subleases < wi II nbw be disc u ssed with ref erence 
45 to Figs. 1 f A, : 11 B, '1 2A'-1 2D, 13 A; 1 33, '1 4A arid 44BI IrVlhe'de'scriptioh df these Figures it shdutaagain be noted that 
:: some or all of thefunctions executed by tHe gateway : 76-may 6^ dbne'dn-bbard the satellite 10 in the on-board process- 
ing embodiment: ' ■ :/v " J ' ' ' ■ * v ^ J -' ;,! w.i' o; : y^ioxi .v^i - -. r ; ; ^ .- * 

1 A ftrst sub-case is related to balls from a-WliLSA 1107 to another WULSA- 11 07 within the same Regbnal Service 
" Area 1011= Outbbund i Call5 from a WLLSA subseriber*in a^first-WLLSA ^;07 are louted from the 'user handset 1103 to 
so the Subscriber Unit 1 102 where the traffic is 'digitizedrmodulated. and-sent bVer t'heW link 1-104 to the WLLBS 1105. 
The WLLBS 1105 then operates to verify ttiat the Gall is not a Ibeaf caH-by querying its database 110§a. In one embod- 
1 iment the call request is passed to the -Virtual Gateway 1108 which' deternniine's that the call is' to~a- WLL subscriber 
located in a second WLLSA' within the same Regional Service'Area 1011 . In a second embodiment the? Virtual Gateway 
1 108 forwards the" call request and called number to the : gateway 76, and the gateway 76 then determines that the call 
55 is to a number tri a RSA; i.e. ■* to another WLLSA' 1 1 07. The gateway 76 Notifies the associated Virtual Gateway 1 1 08 
to set up a call -to one of its- associated WLLBSs' 1105. The WLLBS^'1 105 signals over RF link 1104 to the called WLL 
Subscriber Unit* 1102, thereby aleriing the handset' 1103: ^ln paraHelf br" optionally' in series, the gateway 76 shifts its 
' frequency, and notifies the two Virtual Gateways 1108 associated' with the called and the calling WLL Subscriber Units 
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1 102 of. the satellite traffic channel/circuits to be used, .where upon the Virtual h Gateways ! .1.ip8 i .shtft.tq the assigned 
trafficxhannel from the access channel and begin the final call setup The commu n teat ion begins wjien all units are 
. connected. Timing and billing is done the gateway 76 ; , and/or by one or both of the wQ_B,S{s). v lio.5 ; pr the Virtual 
Gateway (s) 1108 ;j * .-r \, if - . . ...A ; i ; : - . -j 

5 . - In this.case, the gateway 76 only needs to recognize that the call is t to another WLL Subscriber Unit 1102, and not 
, tO:aPSTN ; terminal75aoraFVGWU 1203. % _ • ... r ; 

Inboundcalls are handled in r the same manner as that described above. ( t . .. ; ., ( 

..Reference is now made Jo Figs. 11 A and 1 1 B,fpr the case of an outbound, call from one WLLSA Subscriber Unit 
* 1 102 to another WLLSA Subscriber Unit 1102 in ; a different ,WLLSA 11 07, wherein no on -board satellite signal process- 
10 , ing occurs. The user in WLLSA #1 dials anotherWLLS^ user in WLLSA #N. ! Xhe .WLLBS,#1 1105 receives the : service 
request and, rafter finding that the: number is not .in its WLL database ,1105a v forms a satellite, sery ice , request and 
forwards the service request message to the Virtual,Gateway #1 1108 to request satellite service. ,The Virtual Gateway 
v #1. requests;service, f ronrvthe gateway 76 byiSending a-messageover links 1 300 a.nd-1 305. The gate.way 76 receives 
, ! » . the service request and the number.dialed, verifies, that c the number is-in a Regional Service Area and can be served 
is . . by the gateway 76yand 1 pages the Virtual Gateway, #N 11 08 -that is t assrciated with the. WLLSA #N and the number 

- n dialed. The -Virtual Gateway t #K 1108 receives f tteipage ;i verifies that the WLLSA #N. user is f valid,, and signals the 

WLLSA #N WLLBS J 105. ThecWLLBS tNillO^j verifies that-thq user is available, and pages the YVLU^ubscriber Unit 

/ „. 1102 The WLL Subscriber Unilin WLLSAJNcrS.^ 9?es °F *}poK an ACK 

of ;the page is sent to the WLLBS #N 11 05 k Tfte ^/LLB.S #N ;ll Obsignate ;a ready/esppnse the. Virtual .Gateway #N 

20 , ;i M08, which is in turn ^ forwards r the ready response to the,gateway 76. oyer the satellite links. The gateway 76 verifies 
the ready condition, and signals the Virtual Gateway #1 which in turn signals the WLLBS, #1 1105 ; that it is ready. The 
WLLBS 1105 #1 assigns a traffic, channej/circu it Ram to the WjLLvSubscriber UniL#1 which then shifts to the assigned 
channel/circuit pair and goes to standby \Meanwhile;;the. gateway 76 ..assigns satellite traffic channel/circuits to the 
Virtual Gateway #N 1108 wh ich therr,sh if; ts-tp.ttoe assigned ,channeL(circuits and notifies the. WLLBS #f>J, 11 05 that it is 
2S ..- ready, starts its call timer, and goes to standby: The VVLLBS;#N 1105 assigns traffic chan pel/circuits to the WLL Sub- 
scriber' Unit #N, starts its call timet;.and ; goes. : to^standby> The, WLL-S^bscriber. Unit #N, 1102 ; receives- : the assigned 

: ■ channel/circuits, shiftsto the assignedchannel/circuits, and goes to standby, ^ll units then L cqnnect and traffic begins. 
Either unit -end can cause, a. call termination .The* disconnecting unit-s,ends,an on. hook messagejo.the WLLBS 1105 
associated with , the WLL-Subscriber .UnilthaNs terminating- The^WLLB? 1105 the^ signals the associated Virtual 

. 30 - Gateway 1108. The Virtual Gateway 11 08. receives the^n hcok message, stops the call timer, and signals the associated 
WLLBS- 1.105. The WLLBS J 105 .deallocates the assigned WLLjesourpes, stops its calLtimer, and goes to standby. 

- c - ■ . The WLLBS #1 1105, whichrhadtoriginally initiated the call and requested service, signals the gateway 76 that the call 
? chas ended, : the call timer. is stopped, and then goes Jq standby.- The gateway 76 receives the call termination message, 

- . .'releases the assigned. satellite^chann el/circuit- resources, logs the 3 ca) Mime -for Jutu re billing purposes, and goes to 
35 standby, awaiting^the next call- \- '.V :' ■ / } . ' ; ..i /^r.- - . • v ; "■ \ ; . cz • . ; > v;-, - 

i br - A second sub-case is relate^to calls from-a^WLLSAJIO^tqa-f VGWU 1203within the same or a different Regional 
ServieerArea 1011 Outbound calls from a WLLtiandset 1103 are routed tolhe WLLSubscriber Unit . 1102 where the 
traffic is digitized, modulated, and sent ovef,theRFi!jnk 1104-tq the local , WLLBS 11 05. The, WLLBS 1105 operates to 
* y ' .^verify thaLthe ! call is riot a localcall ;by. querying -jts/^tel^saniQ^.: The-tsaJJ/is then passed to, the Virtual Gateway 
40 1 108 which determines that the call is toward a user in the same or another Regional, Service Area, but not a WLLSA 
user. This step may be avoided by allowing the gateway 76 to i recognize that the call js toward another user, and in 
thisrease the Virtual Gateway t 11G8 passes .tfre^seevjee,- requ^sVand the number dialed tp.the gateway 76 over links 
: :. 1300 and 1305. Jhe^servioe jequestjs reeejve^y |he .gateway 76 and determined to.be, to a. FVGWU 1203 in the 
;V ; same or another Regional. ServteesArea IGU^J&e-fSaleway, 7&, ^sing the satellite links, pages the FVGWU 1203 to 
. 45. , set up:the call, and notifies the;FVGWU .^OS-pf ithefa^sjgned traffic : channel .frequencies. In parallel, or optionally in 
•j v series; the gateway 76 shifts ^frequencies toitheiassigneqtraffjcjrequenc^ the. communication begins when 

^ <* . , ; all unit&are connected. ^all timing and billing is.perfqrmed by tl?e gateway 76, or alternatively by the WLLBS 1105 or 
the Virtual Gateway 1108; or byiallqHhese onjts.e^ . v . . . » .r. 

a,. : v v ;/ v lathis -case,- the gateway ,76 ; only needs ;to recognUe that the calLis to a.F;VG ( WU 1203, and not a PSTN 75 or a 
so; .-"iWLLSAuser; ... .yr: -.7 :-S" x r^~u^ c. . --hf >z K . i ^ .^ i ." : '. : ;f .'^ v' • 

') - - -f t |nb6und:calls-:are.handledinthe same,manner.with ; the EVQWU -1203 requestin g a sate (lite, circuit, the gateway 
: . 76= requestihg.-a; certain Virtu alt Gateway. 1108 to handle : the call based qn information stored in its.database 76a, and 
. notifying>the appropriate WLLSA to alert the called WLL Subscriber Unit 1102. _ 

rFor the non bn-board. satellite processing-case,. and. referring to Figs. 12A and 12B, ; a call from,a WLL Subscriber 
^ss Unit 1 203 in WLLSA #1 is made to the, FVGWU -1 203 in RSA #M It should be noted that the call,processing may be 
the same as [that shown in^Fig. 8B,:but,the following example is employed to illustrate the use of the Virtual Gateway 
- :1 108asa verification and billing tool, as. well as a virtual gateway. The process proceeds in basically.thesame manner 
. ■ - * as= in Fig j8B;'but departs from it after the gateway + 76 takes control. In thjs procedure it. can be seen that the gateway 
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76 queries Virtual Gateway #N 1108 in Regional'Service Area #N, which verifies its operability and-availability, before 
' ; pacing the 'dialed FVGWU 1203 in RS A- #N. the procedure then resumes as before Until the FVGWU 1203 signals 
"on line" to the gateway 76. upon which the gateway 76 signals the Virtual Gateway #N 1108 to start its call timer, just 
prior to going offline. After the communication is terminated, the procedure is the same again until the point at which 
s the gateway 76 has deallocated the satellite resources, upon which the gateway 76 notifies- the Virtual Gateway #N 
1108 to stop its call timer. In this case it can be seen that the Virtual Gateway #N is used for timing the duration of the 
caN and for billing purposes, but is not actively involved in routing the traffic to the FVGWU 1203. 
' * ^ Referring to Figs. 1 2C and 1 2D, the FVGWU 1203 dials a WLLSA#1 Subscriber Unit 11 O&and requests a satellite 
" : circuit. 5 It should be"noted : that the call processing ma^ "be the^ same as that shown in Fig. 8D* but again the following 
' ' 7 i6 example is employed to illustrate the' use of the- Virtual 'Gateway 1'108 as a verification and billing tool, as well as a 
' : ' " " virtual gateway. The service request and the number dialed by theFVGWU 1203 is'received by the gateway 76 which 
1 J determines that the 1 number isin a Regional Service^ Area' and that there are satellite circuits available. The gateway 
"■ c '" ■ 76 then signals the Wrtual-Gateway #N'1108 assoeiated^witfr the Regional Service Area #N 1011 within which the 
: FVGWU"1 203 isrequesttng service: The Virtual Gateway *#N indicates thatit is operable to the gateway.76, which then 
/5 proceeds 'to page the Virtual'Gateway #1 1108 in RegidriaT Service Area #1.»The calling process continues as in Fig. 

8D until the gateway 76receives the "online" sigriaWrbnvthe FVGWU 1203,* upon which the gateway. 76 signals the 
: 1 Virtual' Gateway- #N i : 1 08 to start its call timer; ]us>'-0rior' to" going offlineV After the communication is terminated, the 
' procedure is the same'agairt untii 'the - point at whichuhe"gafeway76 has deallocated the satellite resources, upon which 
V:: -the gateway 76 notifies the Virtual Gateway x #N' : ¥l08'<i6 : 'st'6p it's tair timer.-. In this case it can again be seen that the 
' ; 2d ■ Virtual Gateway #N'is r u"sed' for* liming the duration of the calt-and for 1 billing purposes; but is not actively involved in 
: - routing the traffic : Vo theFV<3WU"1203. ; 1 " < u ir^r-sV '! 

A third sub-case involves calls made from a WLLSA' Subscriber Unit h 102 in a first Regional Service Area to a 
* r WLLSA Subscriber Uhiti 1 02 in a second Regiorial'Service Area 101 1 ; The overall procedure is similar to that described 
■~ above with regard id the i first sublease, and is : Hlustrated in Fig's'.'I'SAand i3B. 

2S ' ■ • ■ a fourth sub-case involves' calls" from a FVGWU 1 203 to- another FVGWU 1 203 in the same or another Regional 
1 ' " Service Area 1011'. The two Regional Servide^ Area embodiment is 1 illustrated in Figs. 1 4 A and 14B> 

" " ' Outbound calls-from ! the user are routed from the' handset 1203 toithe Subscriber Unit 1202 where the traffic is 
'- ! 1 digitized/ moduiated^arid' sent : 6ver-a''RF tink'to a sateHife 1 0. r Thesatellite system then operates to verify that the call 
is not a PSTN 75 call ' by 'querying a' database (this can be : dohe<ori-board the satellite 10 in the on-board processing 
30 - erribodirhentv or in'the gateway 76 in the'hoh on -bbdrd processing embodiment). ! The caller is then/verified by the 
■ Virtual 'Gateway 1108 which determines that the caller isavalidTtegibrial SeVvice Area #N user. This step may be 
- ' avoided by Allowing the gateway 76 to recognize- that the'ealler is validand that the call is directed toward another 
• user,' in this case gateway 76 processes' th&- request arid the number dialed- in the gateway 76 switch. The call is then 
processed by the gateway 76 ahef 'a service 1 request is formed and ; sent frbrri the; gateway 76 over links 1 300 and 1 305. 
35 The gateway 76 pages the FVGWU 1 203 in the dialed WLLSA 1 1 07 to set up a call. and'may notify the Virtual Gateway 
■ ' 1*108 bf'that WLLSA of thetisage. In 1 parallel! 6r optionally in series, the gateway 76 ^assigns frequencies and circuits, 
pages the user, and prepares the communication paths'. Timing and 1 billing is by- the gateway 76,or>alternatively by the 
; Virtual' Gate way (s) if68 J aswas 'described* above w^ •■ : ■ -.■ ■ 

In this ! 'case, the gateway -76 bnl^needs to reco'gnize-that the^call is- to another FVGWU =1 203,.ano\not to the PSTN 
40 % 75 or a WLLSA user .-^-^ ■■■ ■ *'« ^i: * i =•( .. ; ;;. ' 

Inbound calls ; are handled in the same i-marin^lr:e!r^ crif / ; .'^ j L '.-c . < < - -<•>' 

I n'greater detail, : and referring to Figs>14A anb^B-fof the hoh^on-bbard processing case.ia call from the FVGWU 
#N'1 203 in Reg ional ; Service- Area '#N is made to the Fv^WU #T- T203:in Regional Service Afea #1 - It^should be noted 
thai the following 'steps apply as well to calls trbm -the" f VG WU #1* 'f203nn Ftegional Service Area #1 =to the FVGWU 
" 45 #n 1203 in Flegibrial Service r Area #N.' Note also thar^f'is' not necessary for theuser to be in, another Regional Service 
Area. The 'gateway' 76 receives the service request-and'the* number ^dialed. The gateway 76 then recognizes that the 
called party is a-Regional Sie'rvice Area 1011- user itf Regibnai Service Area #1 (or sortie fother Regional Service Area). 
The gateway 76 then verifies that satellite circuits are available! ^determines from its database 76a which Regional 
Service Area to-us'e, and then pages the Virtual'Gateway #N V108 that is'associated with thercatling FVGWU #N 1203. 
so The Virtual Gateway #N verifies the FVGWU #N and signals the gateway 76. The gateway 76 then:signals the Virtual 
Gateway #V 1108 k receives the page, verifies tHe'FVGWU #1 user.^and signals' the gateway 76: The gateway 76, upon 
receiving the -verifications, pages the FVGWU #1-1203 in the' associated > Regional Service Area #,1- The FVGWU #1 
1203 receives the page arid, If desi red; provides arY AGK to the gateway 76 thus signaling approval to set up the call. 
The gateway 76 receives the ACK and proceeds to^assign satellite circuits and channets for the communication. The 
55' - FVGWU #1 1203 shifts to its assigned channel/circuit ahcl'goesto-standby. The FVGWU #N 1203 also receives the 
assigned channel/circuit, shifts to the assigned channel/circuit; acknowledges that it is ready to proceed, and goes to 
standby. The gateway 76 receives the verification of ready from- the^FVQWU #N 1203, signals Virtual Gateways #1 
and #N that coriimunications are ready to begin,, starts its' call timer/and goes offline awaiting"! he notification that the 
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call is finished. The Virtual Gateways 1.108 #N and #1 receive the start signals .begin their respective call timers, and 
shift their receivers to a monitoring frequency so as tomonitor (and control for Sat-IU #N 1108) the.ca II progress and 

. detect the termination of the call. The monitoring frequency may bejhe same as the traffic channel frequency, and 
may use in-band signalling. The call then commences. Periqdically^dqnng the call tne : FVGWU #1 and the FVGWU #N 
may send "off-hook" messages, such as by the use of in-band signalling! which are monitored by the Virtual Gateway 
1108 associated with each. This signal ensures that . the call in progress continues until one of the R/GWUs 1203 
terminates the call. Either pf the FVGWU units may terminate, the call by sendirfg an "on hook" message to the asso- 
ciated Virtual Gateway 1 108 r The Virtual Gateway 1108 receiving the "on-hook" message stops its pail timer and signals 
the gateway 76 that the call is completed. The gateway 76 then $3al locates ^the assigned satellite resources, and 

: ; stgnals the, other Virtual Gateway 1108 tljat. the. call has been terminated, in response the other Virtu.il 'Gateway 1108 
stops. its call tirner, and all units go to standby. . , ' .. ' " 

It is pointed out that in the foregoing discussiqn^he. use of call timers and the like is not 'required I to mate or complete 
a-call v but is provided so as to enable, a proper accounting of the call to be, made to lacilitate trie billing process. 

t; . In ordertopass signals through the.sateliite 1,0 and have them repeatedat .a sufficiehYleve! to have communications 
.occur there is a need to.receive.^ignals^ysuaHy ctiange frequency, amplify the signals, and transmit them to the ground. 

. Ref erring.to Fig. 1 5A, there is. illustrated a satellite" 1(1 that may be part.of a consteiiation of .satellites. The satellite 1 0 
has support equipment, generally rejerrerj^tg^ a bus, which provides^ejemetry.and command control, power and 
power, conditioning, pointing, attitude aradortMl^pqicol, propulsion, s^ucture, as well as other functions. The satellite 
paylpad is generally referred, to as^si^ 1400 
includes a receive anfenna 140 1, a transrjiii antenna 1^02, and a frequencjy.translalion^ signal processing, and ampli- 
fication equipment section 1,403! Shawn in Figs. 1 6^-1 6D are the most common of the transponder types. The antennas 
1 401 and 1402 may be omnig1rectjc>pal, f a'irect radiating types, reflector/feed types^phasedarray types! pi* virtually any 
other type of antenna. The antennas ma^ be^cpmbinecl for transmitt ing i and . receiving in a single^ antenna, with the 
receive and transmit signals separated 

■ . The simplest is the Transponder^ Jype I^A (fjg.. 1 6 A), is. a Quasi -Linear Sin gle^Cqnyersion Repeater This repeater 
receives, separates, and, amplifies^ itaas^ translates trie frequency to .the^d.wn link band, and 

amplifies the signal for retransmission on the downlink. This. transponder is ^metimes^e to as a single conver- 
sion type because it translates-frpm the uplink to the downlink band iaone step. The early stages of therepeater usually 
are comprised of Low Noise Amplifiers to.amplijy the, received frequency ^njd^fijtere^to eliminate energy outside the 
operating :band, and a broadband frequency cc^verte^tp shift the entire operating, band ^pm uplink. to downlink fre- 
quency. The freguency.cpny^rter typically includes a mixer and a. local dsciljator (LO)> Another version of this repeater 

, type, Transponder Type t 1rB (Fig. ,16B.), uses two local oscillators.to convert the fre.q downlink 
frequency with an intermediate frequency (IF) utMized in between the local oscillators. This type of transponder allows 
manipulation of the sigpais : aLgeneraljy : a rnuch lower K frequency, suc^as UHFor even lower TJiis manipulation may 
utilize Surface Acoustic Waye (SAVV) Filters tofurther allow switching, frequency 'shifting,' and dther manipulations for 
implementing various, downlink ..signal functions.. v ' !(( r- \ t . f ■., 

A . second transponder^, shown in Fig. c .1,6Q,. is, a dual conversion^type, which is; useful in . certain. applications. The 
illustrated embodiment shows two band ope ^ transmitted on one sef of frequencies, and 

-,Band:B is Ipeing .transmitted on ^second band.pf Jjequenci^s. p Tjie Jreguencjes.of both bands, are translated to one or 

\the other, which in the illustrated embodiment are i? tran|l^ted to Band A Jhe transjaterJ frequencies may be multiplexed, 
switched or otherwise manipulated, or' orosS]^ destined for the Band A 

, downlink areisent.to the Bana 1 A^q^ the antennas ( fqr band A ifie signals intended for 

the Band B downlink are further; translate^ frequency, and'transmitted, This system is basically 

, a combination of the Type 1 7 A, and.Ty^e^B.t^ configurations ofPigs! 16 A and 16B. , r 

■ ..A further transponder jype^sjioy^ a, regenerative repeater.^.Djgital transmission ap- 

, plications ;can ; haye a more complex, transponder, which in jCertain cases mayjncrease pertormance^ A regenerative 
transponder, performs Jhe^e^ejvj^ ini.the same, mariner as the 'Type 1 or 2 transponders, 

however, the regenerator contajns.in each {ransoiission linka demodulator that demodulates the uplink signal to a 
digital baseband- signal; and ; aim^ remo^ulates. that signal onto, a downlink carrier. The demodulated 

pdigitat, signal I is retimed-and, restored to, a , standard form which isolates the uplink performance from the downlink per- 
formanpe, thus preventing^ accumulation of npise^Any des/red signal processing functions .can.be performed on the 
digital baseband^signal, such as e^racting signal .routing information, repacketizing^he bits! into another packet format, 

More than L one of .these basic transponder types ,may be.combined on a single satellite to perform different functions 
and ; to allow various modeSiOf or^ratton. ln part icular, : the instant invention utilizes both regenerative, and quasi-linear, 
transponders; to perform signal routing. ; Fig.,|5B t ?hows a preferred transponder architecture for. the satellite 10. The 
preferred transponder arch it ecture. has {Signal paths interconnecting feederjinks and service links, and various fre- 
quency bands.may be used. There are two types of transponder. architecture. The type illustrated in Fig. 15B does not 
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use intersatellite links (ISLs), while the type illustrated in Fig. 1 5C does use ISLs. • 
' ' Referring first to the transponder of Fig. 1 SB, the gateway 76 includes a transmitter which provides an uplink 1 305a 
to the sat'ellite'transpdnder 1400 The signal is received by the Feeder Uplink equipment and can either be translated 
in frequency to the service down! ink' frequencies 1 302a, for transmission to users, or to the feeder downlink frequencies 
5 i 305b for transmission to other f gateways ^6 or to itself, The FVGWU 1203, the Virtual Gateway 1108 (or mobile users 
'1 106 and other user equipment) have transmitters which can provide an uplink 1302b to the satellite transponder 1400. 
THis signalisreceived by the Service Uplink equipment and can either be translated in frequency to the feederlink 
' frequency for transmission to gateways 76 on links' 1305b, or translated to' other service link 1302a frequencies for 
_ transmission to other users, or to itself. '" 1 * ' *' 

jo "' Referring to Fig. 15C, in addition to the foregoing functionality the ISLs use a third output from the-Feeder Link 
equipment that is routed to ISL Uplink equipment for transmission to another satellite. Likewise, there is a third output 
' from the Service Up Link equipment which can be routed rib theJSL Uplink equipment for transmission to another 
satellite. Transmissions from the dtheV satellite may'be routed to 'either service or feeder downlink equipment. 
:,i ' in thepresentl/prefeVred SmSociiment'bf this inventipri the gateways 76 may be constructed as disclosed in, by 
is '' example," th^" abovb-refere'nced 'U N6::'5~552;7^ entitled "Antenna' for Multipath Satellite 

.Communication Links", by' F.'J. Dietrich and P. Ar'rv1dh\e"^with ! functions added tbperlorm the various interactions with 
the VirtuaT Gateways 1 i 08 as* described in detail abdvS. The Capability to' transfer information to the Virtual Gateway 
' 1 iO'8 enables it to operate' autbhbm'bus'iy tor various p'eVic^s'^ During a call the gateway 76 may further instruct 
the Virtual Gateway i 1 0B to change its operating chara r cte]1stics or mode'of operation, or frequencies, or other param- 
* 20 eters. The gateway 76;'Yh r additidh to the frequency as'signm may be charged during a connection) may also 

' ' trarisfer other connection parameters* to thW Virtual Gateway H 108;' including power limitations, user terminal and Virtual 
Gateway pbweV contrdr parameters; pagiftg instructions, user terminal position location parameters,' satellite tracking 
information, satellitehandoff instructions, si^nalin^ for connection s to terrestrial switching equipment, Walsh (spread- 
ing) codes or other circuit cbde^irTforrfiation to oe used; user equipment type , and other information "such as timing and 
25 * frequency refererices/The cjateway 76 rriay'alsd trahsfer'certairi i Ground Operations Control Center (GOCC) informa- 
tion tblhe Virtual Gateway 11 08 ihai rfiay be necessary to prdvide ^pe'rvision of system utilization, thereby providing 
1 anlhierface between ; thV^ Virtual Gateway 1108^ the gateway 76 also collects information during and 

alter the cali-for the purpose i bf system' ihanagemerii, bHtihg, : a'nd otner supervisory functions. The gateway 76 is as- 
sumed to include "databases and computer equipment for providing "connectivity with the Virtual Gateways 1108 and 
30 user terminais (both fixed arid 'mobile) as ; described above: The gateway : 76also translates the GOCCrprovided long 
range plans that are ! based on ! traffic requirements and constraints, scfch 'as : available frequencies, capacities, service 
areas, 1 etc. , ihto short 'ran ge'plans usabie by the Virtual Gateway 1 108: Transfer of these short range plansto the Virtual 
Gateway 1108 enables planning This is particularly important for multiple 

f reduehc^, , multiple se^ The gateway 76 ^sb provides ah authentication center for 

35 authenticating Virtual Gateways and user terminals; and providing overall system security. " 1 

Referring to Fig. 17, the Virtual Gateway 1108 is similarin some respects 'to a user terminal; but is modified to 
' conduct remote gateway' sessions: Althougri the Virtual Gateway 1108 is generally 1 sited in a fixed location, the use of 
mobile and transportable f Virtual' fjate'^ys/is al^'wtthin'th'e scdp'e of this invention, and may be desired for emergency 
and otherpurpos'es. the'Vinuai Gatewayl^^ communications of the associated gateway 

40 76. In most cases the range 1 is one at Wiich c sirigi§^ to the serving gateway 76, however, 

in the casd of ihtersate'llite'i^ arbitrary: r ■ ' • 

; Aswasdiscussedabove.'durihgacaiith^ 11 06 to change its operating 

characteristics ; 6r mode of operation, of frequencies' c^bthei^arameters of the session. - ; 

The antenna 6Mhe Virtual Gateway 1108 is 1 pref^ antenna, which may be eatable of tracking one 

45 dr more satellites' simultaneously,' but or^ hi-directsbnal'or ps'eudo ! 6nVni-direct:onai antennas are possible as well. 

Referring more particularly to the blcck^iaV^of Rg: P?i signais'aVnve at tKe antenna T50G from the satellite 1 0 
and are received at a Low Nbise' Amplifier (LiMA) i5b'2 "and dowtrcbh verted in oldck 1504 : toan intermediate frequency 
1 506, converted from analog to digital in block 1 508;' and Doppler corrected in block- 1510 to compensate for motion 
of the satellite, fne Doppler cdrrected signal is then -applied" to a clernodtilaior T512 (either a single (demodulator or 
so ' multiple (in the'case of'a'RAk& receiver)) 1 arid then to ; a^deinter leaver 151 4' wrVere'the signals-are combined. The 
combined signal is then inpbt to a decoder 15 i6'-and finally tb'a vocoder 151 8 : and codec 1520 which reconstructs the 
audio signal. Prior to the' vocoder 151 8 traffic 1 signaling and control signals are taken from the decoder ? 1'516 and made 
available to the Trunk Interface Unit 1207. This connection makes both audio and data signals available to other ap- 
plications, such as ihe WLLBS 1105, other terrestrial systemfand/o'rlhe above -described 5 Paging/Broadcast System 
55 1112 of Fig. 18. Other data coming from the gateway 76 is 'also madeavailable'io a control uhif T522. The control unit 
1522, which includes a computer, ! software, databases and o'ther functions, provides local control oRhe Virtual Gateway 
1108 and the Trunk Interface Unit 1207; : These controls are used to provide variability of parameters of the downcon- 
verter 1504, A/D converter 1508, demodulator -1512 and other portions of the receiver chain. Ih addition, the control 



EP Of 72 966 A2 



t unit 1522 exercises control over the return link (transmitter) chain, comprised of an encoder 1524~interleaver 1526, 
GQMA modulator 1528, Doppler pre -cor rector 1530, D/A converter 1532, intermediate frequency unit 15,34, upconverter 
J 536, power amplifier 1538, and transmit antenna 1540. Other subsystems for power, control and data.entry may be 
provided. The audio inputs and outputs 1542 and 1544, respectively. may„or may not be. used. v 
■v. The primary input and output of ; the Virtual gateways 108 is the Trunk-Interface* Unit 1207, r which provides com- 
munications traffic (e.g., voice and/or data) and. signaling for various WLL interconnections, .various interconnections 
to RBX-type wired systems, and signaling and traffic to the above-described Paging/Broadcast Sysiem 1112 and/or 

v - other similar terrestrial systems for call alerting, paging, messaging, store and forward of data, "one. way broadcast data 
for local distribution, and other similar services. !; . .? . t . t . ' - 

; . . The Virtual Gateway 1,1 08 preferably has the ability to handle multiple calls and, as such, certain of! the components 
of the receive and transmit chains are duplicated as, necessary. Any terrestrial terminal. (WLL,. Cellular, 'or PCS) can 
be made to operate, also with the satelljte system (i.e. } dual-moded) by the proper, selection, of transmit' and receive 
(transceiver), components, and, the provision of a terminal. cpntrolier. capable of operatipg with the satellite system air 

interface, thereby enabling, the. terrestrial system to extend-its coverage.to that of the .satellite system. For example, 
the WLL user can go mobile inside the WLL territory or, anywhere else inside the serving gateway's coverage area. 

n-Jhis dual-mode capability of the user terminal^ aHpws world wide, ; . 

. ; Reference is now rnade to Fig=-t 9 ; forj^ cases of mobile^ terminal operation. Jn Fig. 19 two gateways 

76 are shown (Le.,GWl and GW2 : ) V each^ having : an associated gateway, service are§ 79. Inihe illustrated example 
the service areas79 overlap jn the region, ^esi9p^ted-79a, atthough this may.npt always be thexasel Within the service 
area 79 of GW1 are: twq Jqcalized network, seryica^egions,, suchi.as WLP, or WLL service areas /serviced by virtual 
gateways VG1 and VG2. : Within, the. ^service area 79 of G,W2 is a single, localized network service region., such as a 
WLL service area serviced by. virtual .gateway VG3. The GW1 ijncludes ; the database 1 76a, whiclp is shown to include a 
non-VG database (DB), and a databas j e i j9 ( r j both..y i G1 and VG2. The ;GW2.also includes the database v 76a, which is 
shown to include a non-VG database^anda^database for YG3. Jhe databases ^6a store information that Is descriptive 

v of valid system and VG users. .In addition,, the VG databases store information that describes the boundaries of each 
VG service area, such as the locations of vertices of the polygons that bound each VG service area.' Also illustrated 
in Fig. 19/is.a mobile user terminal 11 06,that.is. capable of be in g,tran sported to vanpus locations within the GW1 and 
G W2 service areas. The varipusjocatiqnsare depicted as locations^ -5, each of which represents a specific instance 

or case of mobile terminal use. /These five cases, are as jq|Lows.^ d . k .. ^ . ,, . 

. Case 1; The mobile r terrnip^ ... t . 

..M.Pase 2: The mobile ;terr#inal 1 1.06 roams., to- the ; seryipe area pf.VG^buLis stijl^ service 

.area79. -. i>t _ } > Si ? . e . ( --ri > K> ^ . - c'-^:>; / vr>? - -.-m 

,r< - Case 3: The mobile terminal, ; 11 06 roams to the service area of, VG 3, and is located within the.GW? service area 79. 
. .Case 4: The mobile terminal 1106 roams puts ide/pf the service area. of , any-yG, but is still located within the GW1 
service, area 79: : r. ^.c ■-. ■ dP . ,'.}\/Y^ V.--! .' . Y'-V .7 .. .' ' ' / '"' I 

" Case ,5; The mobile terminal 11.0.6 roams outside of the service^ area of ;any r VGr and Js located, within the GW2 
. service^area 79. , ,;. £ : , ^ T ., v : . ( . r ... ( t ^ ... ; , '7.., 1.- Y V 

■■ A\description of the ; operation otthesyste^ . ^ ;i " 

Case 1: When the mobile terminal llOejSrWitjhia the coverage) region of its, home VQ, the,operation is the same 
as that deseribed^abovp. Basically, the^mpbpe^ is relayed 'to ( the GW1 through at 

Jeast onesateJHteip T^ on information 

stored in the : VQ ; 1 database^thatnhe n^pbije ie s rrnir?al ^tliQe: is within the service region of its home VG. The GW1 then 
assigns the call tp.the VQ 1*08 off, .VGA as previously described, ..depending on the location of 
thecalledparty v .-Jo! -xM^ t!Ha yfiff. ~ 5 - ^ ■ /..^ ; . ^.^ ' ' \ 

Case 2: When the mobile terminal 1106 is withjfethe. coverage region ,qf YG2. e.g., the mobile terminal 1106 has 
rparned from VG1 to VG2-, ; the mobile terminal which is relayed to G Wl through at least one satellite 

1 0r. The,QWl performs a ppsttipyocatipnj on the mobile terminaj-1106 and finds, based <>h^ information, stored in the 
VG1.and*lrje VG2 databases 76a, x tfiat the mpbjje,terminal,1106 is within the service region of VG2.,The GW1 then 
determines, if a roamjng, agreement isan place between VG T ,and VG2. If b a rpaming.agreement exists then the mobile 
terminal, is authenticated using VG2, r or by : using the database, 11 05a of : yG1^or,by using the GWI database 76a. The 
database 1105a .contains Jhejdentification pf ;: thp mobile terminal 1106, as well as.aJist of allowed services for the 
mobile terminal. In ; any ; caserne GV^I informs^he VGVprthppurr.ent location of the mobile terminal 1106, which is 
.stored in the database 1105a ; of c the^G1. f That.is, VG1 marks the rnobile terminal 1106 as roaming, and furthermore 
denotes the, identification.pf the VG -where the mobile terminaUs v currently located.^ Having authenticated the mobile 
terminal 1106, the QW1 assigns .the call/to ^ the, ^G r .11 08. of VG2, and the call proceeds as previously described, de- 
pending pa the location of called party.^At the.terminatipn pf,the call r the VG2 sends the call results or billing information 
to GW1 f . The GW1 then relays the call results to.the VG1 , either immediately or at some predetermined interval. In this 
manner the mobile terminal use of the system resources can be properly accounted for at the user's-hpme VG1 . 
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Case 3: When the mobile terminal 1106 is within the coverage region of VG3, e.g., the mobile-terminal 1106 has 
roamed frdm'VGI to VG3, the mobile terminal 1106 initiates a call which is relayed to GW2 through at least one satellite 
10. The GW2 performs a position location on the 'mobile terminal 1106 and finds, based on information stored in the 
non-VG and Vte 3 databases, that the mobile terminal 1106 is within the service region of VG3. and also that the mobile 

5 terminal 1106 is nof a home user (i.e., is a user of the GW1). If no roaming agreement exists between GW1 andGW2, 
' ' then the GW2 may simply deny service' to the mobile terminal 1106. Assuming that a roaming agreement does exist, 
the GW2 authenticates the mobile'terminal 11 06 : using the VGi database 1105a, which is obtained via GW1 from VG1, 
" either through a satellite of the same or' a different constellation, or through a turn-around satellite transponder, or 
through the PSTN or a terrestrial data link. In any event the GW2 informs the VG Tof the current location of the mobile 

ib K terrninaMlb6, via the GWT, and the ! VG1 marks the rriobile terminal it06 asVoaming, and furthermore denotes the 
identification ot the VG where "the mobile^termihal is current ly 'located- and also the identity of the serving GW (i.e., 
GW2): Having ! auth'enticated the mobile" terminal 1 106,' ttfe GW2 assigns the call-to the VG 1108 of VG3, and the call 
proceeds' as previously described, depending on* the location' of the balled party. At the termination of the call, the VG3 
sends "the call results 1 Or billing information to'GW2: The 1 GW2 then'relays the call results to the VG1 via the GW1, 

is either immediately L b'r at ^ome c predete rm in ed interval ^ ' ' ' 

Case 4: The call handling feV Case 4* is similar tMWa't described above for Case 2. When themobile terminal 1106 
is outside of the 1 coverage 1 region of ahy VG within ^tne-GVVV^efvic'^a'rea, e.g., the' mobile terminal 1106 has roamed 
outside of VG 1 ; the-mbbile'terrriinal 1 106- initiates-' a c^l»wnYc^ is relayed tdGW1 through at least one satellite 1 0. The 
' l GW1' performs 1 a poskM location ^ information stored in the VG1 and 

'20 " the VG2 dalabises76a"that'trie mobile term ina) : !i 106 is 'rioi' within IhfeHservice regionbf any ; VG: The mobile terminal 
■ ' ' is authenticated using the database 1 t05a o?VG1 , or is authehtic'ate'd using the GW1 database'76a. The GW1 informs 
the VGI of ihe current Ideation bf the mobile terminal 1106^ WhicW'ts^stdred in the database 1105a of the VG1 . That is, 
VGf rnafe the'mobile terminaVyide as roaming 1 . R'a^irig^a^ 1106, the GW1 handles 

the call iiself/and'the call prbeeeds as ^reVibusty describedr6e]5ehdin'g J on the location of the called party. At the 

25 termination of the call; theGWl ; may send the call 1 results to the' VG'1 ,' either immediately or at some predetermined 
interval' J '" J ; '* v ;i f • iU '*' r -* 6 ■ ri '^ ? ' :i) ^'' i ' , '^; i - : -' ' 

Case "5! Vhe : caffhancHihg forCase dis similar to that described WbbVe for Case 3. When the mobile terminal 1106 
is outside bHhe : cbverage regidn of a ; ny : V(5 within the GW2"service f afe^ 5 e.g., the mobile terminal 1106 has roamed 
outside of VG1 and outside of the coverage areabf GW1; the mobile temriihaf 1106 initiates a call which is relayed to 

30 GW2 through at least one satellited O. 'The GW2 performs a position location : oh the mobile terminal 1106 and finds, 
based on ihfbrrnation' stored' in the non-VG and VG3 databases; tha'rfhVmolbile 'terminal 1106 is not within the service 
region of VG3, and also that the mobile terminal 1106 is not a home user (i.e., is a user of the GW1). If no roaming 
agreement exists between GWi and GW2j J then ^the GW2 : may dimply denyservice to the mobile terminal 1106. As- 
suming ttfataVoaming agreement does existMhe GfW2a^ rndbile terrninal 1106 using the VG1 database 

35 1105a, which is obtained via GW1 from VG1 as described previously for Case 3. The GW2 informs' the VG1 of the 
current location of the v mobile terminal ti 06, via the GW1V and'the VG1 marks the mobile teVminal -1106 as roaming in 
the GW2 service area. Having authenticated the mobile terminal 1106, the GW2 handles the call itself and the call 
proceeds as pre'vibusly'described, depending onthe^ccatidh of thecalled partyJ At the' termination <M the call, the GW2 
sends the call results to the VG1 via tne'GWT? either ; *?mfhediat6ry or at some predetermined interval 

40 1 Reference's how made tcPFig^'tdr illustra1fnffa : base^ gateway^ (VGx)' service area that is 

associated*with : GWtte 

of the VGx service area-lies" with case. As is shown, 

for each ga'teway ; 76 there is a region whe^ through at least 

one satellite. Beyond this region the user terminal may still be able to be serviced by the GWI ;- however the availability 

45 drops off'-to 95°/o- availability, then 90% availability; J etc. lnv,/ 51 ' d0: f :f " f "' ifn, ^ : : " m . l ' ■ 1 : ' 

For the case of Fig. 20it is assumed tnatihe'terrn^^ 96% availability circle of GW1 , 

and withinMhe~lbo% avairabifity^circle bfGW2. li is further ; as"su^ with the VGx 

of GW1 , and is : rnakirig a call J td a fixed or mobile* user wilhiri the VGx sifvide area; When the 1 terminal 1106 initiates 
the call it is assumed that the call request isfeiayed via SAT2 (dGW2PGW2' recognizes from'thb eatt request information 

50 (e.g. , terminal ID), frbm the^osiiiori location perfbVmed bn' terminal' 11 06/ahd frbm1He~dialed number that the terminal 
1106 is calling another user inMhe VGx' service '* area, and (haft -the' terminal- is associated r with the-GWt. GW2 then 
contacts GW1 through a'satellrte'bf the sam^orai different cohstellatibn; or through a turn-around satellite transponder, 
or through the PSTN or a terrestrial data link: In'Vespbhse, GW1 assigns a'chanriel pair for use with the VGx and sends 
the channel pair information 5 and any other eall^et-tap parameters back tb'GW2; which informs the terminal 1106 of 

55 the call set-up information through S AT2. G VvTalsb informs 'the 1 VGx 1T08 of the assigned channel pairs and other call 
set-up information through SAT1 The 1 call then "proceeds- as j ddscribed previously for 'the case 'of a terminal calling 
within its home VG service area Any return link ACKs or othersrghals can be relayed 'from the terminal *1l06 via SAT2 
andGW2tothe*GW1 ■■ ■" " : ' v ;< ^* ^ :r 11 
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Figs, i 21 A and 21 B illustrate the use of a Regional Virtual Gateway (RVGW) 1108' in accordance with an aspect 
of this invention As is shown in Fig 21 A, a!RVGW,1108' can be associated w|Lh : a plurality of the VGs, such as VG1 
and VG2: Each RVCW 1108' is coupled to one or more qUhe VGs 1108 apd to a serving GW 76. The RVGW 1108 1 
forwards call requests from the VGs 1108 to the GW 76, and also forwards system resource allocations from GW 76 
to the VGs 1108 in a pass through manner. In this hierarchical embodiment the RVGW 1108' may also handle the call 
requests from those terminals 1106 that are not located in a VG seryice area, as described above with respect to cases 
4 and 5 of Fig. 19. The gateway 76 is responsible fprnon-WLL user terminals that ; make call requests (and that receive 
calls) within the. gateway service area 79. K: -, . >0 , .... 

It is within the scope of this invention for a serving gateway 76 to send a message during a call to a virtual gateway 
1108, such as;an overhead message, with a new system;resqurce allpcatjon. The virtual, gateway 1108>thenMnforms 
the terminal -11 06, 1206„ef the new resource assignment, suctvas.a new channel pai^assignment. Both the virtual 
gateway and terminal then switch-to the new channel assignment during, the call, Jn« this manner new channel pair 
assignments can be made during <a call,, enabling one-op more user communications, to be shifted in the assigned 
frequency spectrum. This can be especially useful when it is desired to mitigate the current or .expected effects of 
interference from another satellite system, from a fixed space-based or terrestrially-based interference source, and/or 
the effectsiofvsethinterference. ^ ..v -j f f W to - ;1 ... , ■ ; c , ,, ,., , } 

While the invention has bfien.particularty^pvyp.and described; with respect to preferrec- embodiments thereof, it 
will- be understood by those s kill ed>in ; . the aft thafcchanges in ! form. and^etails, may be made therein. without departing 
from the scope and spirit of- the invention, ::/,co?-j s < i^.v *■ . :v. 'v.-- - - —~ .>v * <o 



Claims 




1 . A communication system, comprising a satellite communication system segment comprising at least one satellite 
(10) that projects a plurality of .beams, -.(,1 01 0)^on the, surface of the ^earth and at least onasatellite system ground 

. station (1 105) that is bidirectionally coupled to.the at least one satellite (?,Q).and also, to a terrestrial communications 
system and a terrestrial communication segment, (75) comprisingat least one localized network (LN) base station 
(1206) capable of bidirectional communications with a plurality of LN user terminals (1204) within a LN service 
region. The terrestrial segment .furtheo com pristng;a LN ground station (1108),that is ^idirectionallycoupled to the 
LN base station and to the at -least one satellite, (.10) for bidirectionally coupling communications to and from indi- 
vidual ones of the LN ;user;terminals.(1204) into and out. pf, the, LN service, region, wherein one or more beams 
(1010) from one or more of the satellites (1 0) at the surface of the earth cover a regional service area (RSA) within 
which the LN service region is located,- and -wherein thercommun icatiop^sy stem, further comprises at least one 
database (76a) that stores information for associating individual ones of theJiN user terminals with the RSA. 
^ ■: *si > '=:- vi--- s • r,i -Mf^r ? -vio ■ --'_ { ■ , r : - 

2. A communication system as claimed in claim 1 , comprising a plurality of other user terminals that are located within 
f -the RSA but not within. 5 said LN.service region; and wherein the database, further; stores information for associating 

riic- (individual ones^of the otheouser terminals with the.RSA.^ o , o i;i .: 0(;1jJ 

3. A communication system as claimed in claim 1 or 2, wherein individual ones of the LN user terminals include a 
transceiver operable ; for transmitting acaUftoiand^eceiving a cali frpm a terminal connected to.the terrestrial com- 
munications network. via the? LN base]StaU©ii,ithe:LN ground station^ne atiieast one satellite, and the at least one 
satellite system ground; stations o< c c-.iis bns oii'ic^ > ! ..r-i -•.]•;• . -h\ --.ct ^ : 

4. <A communication, system asidairned in any/ onerof; the) preceding claims, wherein ^individual ones of the LN user 
.. ? '*., .terminals include a ; transceiver ipperabtei;f or- transmitting a . call to and.receiving a . call from -one of the other user 

~- terminals,: via the.LN basecstation,.thejLN ground station-, and said :aLleast one satellite: ; * . : 
' J '^ >J I: .x.xAlfJi I, ..;=:cw : . 4 ..d . t : tj ■ - ■ 

5: - A communications isystem as-elaimed in any one oL the preceding claims,- whe rein .individual ones of the LN user 
^ * ")i terminals include a transceiver^ operable for transmitting a call torand receiving a call from one of the other user 
terminals, via the LN base station, the LN ground station, the : at least one satellite,-, andj.the at least one satellite 
system ground station. 

6. A communication system as claimed; in any; one of the preceding, claims,! comprising a second plurality of LN 
terminals- that are located within a second; LN .service region that is contained within the RSA, and wherein the 
databasefurther stores informal ion. forassociating individual ones ofcthe second plurality of LN user terminals with 
v the-RSA. -s 
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7; A communication system as claimed in any one of claims 1 to 5, comprising a second plurality ef LN terminals that 

1 * ; are located' within a 1 second LN service 1 region that is contained within a second RSA, and wherein the database 

■ • ' further stores information for associating individual ones of the second plurality of LN user terminals with the second 
* • RSA! ■'" .-.>•. ■ n 

' ■ 8. 1 A communication system as claimed in any one of claims 1 to 5, comprising a plurality of other user terminals that 
are located within a second RSA, but not within a : LN service region, and wherein the database further stores 
information for associating individual ones of the other user terminals with the second RSA. 

10 ' 9: 'A communication system as claimed in claim 6 or 7, wherein individual ones of the LN user terminals include a 
■ tran'sceiverdperable for transmitting 'a* calf to and receiving a" call from one of the second plurality of LN user 

• • - terminals, via the N base'station, the LN ground ''station, Hhe at least one satellite, the at least one satellite system 
" ■ ground station,' arid a second LN ground station arid a second LN base station associated with the second LN 
1 • service region. "- ; ' ■■" — - * ' ^ : ' J < ' x • 

10. A communication system as claimed in claim 6 or 7, wherein individual "onesof the LN ; user terminals include a 

• '** - transceiver'OiDeradie for' transmilting a call to 1 and 'receiving & call from one of the second plurality of LN user 
1 " : terminals, viathe LN base station, the LN'gr6und^i&t-:o\n; '.he at least-one satellite, and a second.LN ground station 

and a second LN base station associated with the second LN service reg^or.. -' ^ 

20 

11. A communication system as claimed in claim 8, wherein individual ones of the LN user terminals include a trans- 
ceiver operable for transmitting a call to and receiving a call from one of the other user terminals, via the LN base 
station, the LN ground station, and the at least one satellite. 

2S 12. A communication system as claimed in claim 8,- wherein individual ones of Ihe LN userterminals include e.trans- 
• ceiver operable 1 for transmitting a call to and receiving a call from one'of< the other user terminals, via the LN base 
'* ' 1 ; si'atioh; the ; LN : ground station i the ait least one satellite* and^the at ' least one' satellite 'system ground station. . 

: 13. A communication system as claimeti'ih claim 2, further com prising a -second plurality of other user terminals that 
30 are letted within a second RSA, but not within a- LN serviceiregbn; and wherein the database further< : stores 

■" information- for aosociating individual ones of the other- user terminals ■ with toe second RSA. 

■ 14; A communication system as ^claimed-in claim 13, wherein- individual .ones of the other user terminals include a 
1 ' transceiver operable for transmitting a call to and receiving a cali f rorirvone;Of thesecond plurality of other terminals, 

35 via the at least one satellite and the at least one satellite system ground station. 

15/ A communication system~-as Jclaimed in^ claim T3~; wherein individual ^nes; of the other user terminals include a 
transceiver operable for transmitting a calf toand receiving a xalt from one of the second plurality of other terminals, 
via the at least one satellite. 

16. - A' communication system; comprising a^satetlitetcommunication system segment comprising at least one satellite 

that'projects a plurality of beams "on the surface rdf^he^eiarth and ?at:least one terrestrial; satellite gateway that is 

bidirectionally coupled to the at least one satellite and also to a terrestrial communications system, 

wherein one or more beams from one or more satellites at the surface of the earth cover a Regional Service Area 

45 ■ v c (RSA) withih which at least one Wireless Hocal Loopc(WLL} service region is located and a terrestrial communication 
segment comprising at feast one WLL base jstat ton capable ofibidirectional. communications with a plurality of WLL 
user terminals within WLL service region; the Terrestrial :eegmentcfu After comprising a virtual gateway that services 
the RSA and that is bidirectionally coupled to the WLL base station and to the at least one satellite, wherein the 
virtual gateway is responsive to information received from the terrestrial satellite gateway lor temporarily assuming 

50 ' controrof satellite system resources for bidirectionally couplincpai communication to or from an? individual one of 
the WLL user terminals intoor out of the'WUL service region, n S-.>\, T ' i • : 

17. A communication system, comprising a satellite communication system segment comprising at least one satellite 
that projects a plurality of beams on the surface of the earth and at least one terrestrial satellite gateway that is 

55 bidirectionally coupled to the at least one satellite 'arid also to a terrestriali communications, system, 

wherein one or more : beams from one or more. satellites atahe surf ace. of the earth cover. a; regional service area 
within which at least one Wireless Local Loop (WLL) service region is located, and a terrestrial communication 
segment comprising at least one WLL base station capable of bidirectional communications with a plurality of WLL 
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• user terminals, within. the WLL service region, the terrestrial segment further- comprising a virtual gateway that is 
associated with the regional service area and thai is bidirectionally coupled to the WLL base station and 
to the at least one satellite, wherein the virtual gateway is » responsive, to information ^received from the terrestrial 
satellite gateway for assuming local control of satellite system resources for bidirectionally coupling a communi- 

; j cation to or from an individualione of the WLL user terminals into or outpf the WLL service region- wherein 
the;virtual gateway is further bidirectionally coupled to a transmitter, used for transmitting at, least one of paging 
and broadcast messages to one or more of the WLL user terminals, the paging and broadcast messages being 
received by the virtual gateway from the terrestrial satellite gateway via the at least one satellite. 

18. A communication system, comprising a satellite communication system segment comprised of at least one satellite 
that projects a plurality of beams on the surface of the earth and at least one satellite system ground station that 
is bidirectionally coupled to thaat least one satellite and also to a terjesUiaf communications system and a terrestrial 
communication segment comprising a plurality of localizednetwork (LN) base- stations each of which is capable 

■ of bidirectional communications; with . a plurality pf :LI^- user terminals withir^an associated LN .service region, the 
! terrestrial segment further, comprising a LN.groupd station jthat is bidirectionally coupled to each of the LN base 
w stations and to the at least: oneTsateUite, for bidirectionally, coupling communications to and f rom individual ones of 
the LN user terminals into and outiof;thel;N sery ice, regions, wtierein CHie or more beams from one or more of the 
satellite&at the surface of the aarthicovi^a regional, service, area within which at least one of the LN service regions 
is located, wherein the communication- syslejtrvjurtbef pomp rises .^.system .database coupled to.the satellite system 
ground station and a LN database, coupled; to; each, of the plurality of LN base stations that store information for 
associating individual ones of the ; LN f user terminals with a home service i;egion and wherein, LN user terminals 
that roanhifrom one LNservice region ,to another, LNrseiyiee regipnr.QrJrom one, 1^1 service region to a location 
* . outside of any LN service; regies, are : authenticated; and. provided [service based on information, stored in the da- 
tabase of a home LN service region./.) r- o.hs.- aw 1 ,-. - . t.'iur - 

m :-;.0':O/? no',-..- <■■■■,„• ■ .:: ^ nvr ;• _ <;■■.-;.'. } ': 

19. A communication system, comprising a satellite communication system segment comprising at least one satellite 
t that projects ^plurality pt beams oh .the surface of the earth arid at. least . one satellite, system ground station that 

is bidirectionally coupled to, tHe at least one satellite, and alsotoa terrestrial communications system, and a ter- 
: restrial communication.segm,enbcomprising ; a plurality of virtuah gateways .each comprising a. localized network 
(LN) base station capable.of bidirectional communications with ; a plurality, of LN user terminals within an associated 
> virtual gateway service tregion,; each of the virtual, gateways; further v compristng ; a.LN ground station that is bidirec- 
y- tionally coupled to.each of: the LN. base statjon& and to the at least one satellite for bidirectionally coupling com- 
■■• ' municationstoandfromJndividualonesof theLN user terminals into and out of the LN service regions, the terrestrial 
' commuriication:segmentJjurther comprising a regional virtual^gate way. that is. bidirectionally. coupled to each of the 
=* virtual gateways and to the satellite systermjtound stationthrough at least one^satellite, the regional virtual gateway 
N; ailocatingsystem resources amongst the virtual gateways; bashed on resource assignments received from the sat- 
ellitesystem ground station.'! j , } v. 0 i v . : o --i..^ : ; noi^x'.: ■ -r.-.i 

20. A communication system, comprising aHeast one virtual gateway comprising a localized network (LN) base station 
capable of bidirectional wireless communications with a plurality of LN user terminals within an associated regional 
service region covered by one or,mo*ejiiaea^ least one virtual 

< ' " gatewayifurther comprising afLNisate1fte;grc«4rjcbstat ion that is bigJirectionaJly coupled to the LN base station and 
to; at' least one satellite for ;bidirectionaJty^^ to; and from jndividuahgnes of the LN user 

terminals into and out of the LN service regions, the virtual gateway allocating satellite system resources amongst 
' the. LN user: terminals basedr on rpatellteisystem resou^ Ece assignments received .from a.satellite system ground 
station.:- ":;r r -\~... -r. i^rdmie) v.'isv :.vi. : r ':^"r:?:o^ o; v r .. • (i '.:r.\. \ ,3 , t ,o 

21 • A communicat ions jsystein^asclaimed in. claim* 20;: whereinjthe satellite system resources include frequency chan- 
nels. h*u-> •-MtiTiV.-' •■. mj v v;, -i b, -. \t.\ : "~ i.-i;-; -■ w •■ -rr ■ 

22. A communications system as in:claim 20,; whereirii the satellite system resourcesjnclude spreading codes. 

23. ^ A communications ay stem .as, claimed in ;claim 20. 2\jor 22, wherein at least some ofthe LN ; user terminals are 

mobile terminals; ; : v > ■: cvo; /■ r-s'-U * . :; ; ; ? . .,-■„, 

^nf . ->'■■• > Miv-/ os.V. x;;^^ fvS! :oi - . r. K ,; - ; • ..- ' 

24. A communications system as claimed ; tnany one.of claims 20 to.23, wherein at least some of the LN user terminals 
are fixed terminals! - ■ - r,c .c. : ; ^. i - < - - ■- v • ..- f . -/ 
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25. A Communications system as claimed in any one of claims 20 to 24, wherein the LN base.statton is coupled to a 
database that stores information for identifying individual ones of the plurality of LN user terminals and for asso- 
ciating individual ones of the LN user terminals with the regional service area. . ' 

5 26. A communications-system as claimed in any one of claims 20 to 24, wherein the database can be queried via the 
• ' at" least one satellite for authenticating a LN user terminal that has roamed outside of a home LN service region 
and : that is requesting service. ' ' " j - 1< 

27. A communications system as claimed in any one of claims 20 to 26, wherein the one or more satellites are a portion 
/a. >. : o 0 f a constellation of low earth orbit satellites.' • » - - ; ; 

28. A method o'Foperating-a' communication sytem comprising the steps of providing a satellite communication system 
segment comprising at least one satellite thatprojects a plurality ofbeams on the surface of the earth and at least 
one satellite system ground station that is 1 bidirectional ly coupled to the at least one satellite and also to a terrestrial 

is ' communications system^ providing a terrestrial communication segment comprising a ptu rat ity.of localized network 
' ' (LN) base stations each of which is capable' of bidirectional 'communications with a plurality of LN user terminals 
: - within 1 an associated LN service region; -the terrestrial 'segment further being provided so as 
' l \o comprise a LN ground station that is bidirectionaily<coifpled.to each of the UN ^base stations .and to the at least 
* ;V;: one satellite for bidirecttbhalty-'coupling communications to and from individual ones of the.LN user terminals into 
' 20 ' andout'bf the'LN service 1 regions, defining a regionaflservice area (RSA) within which.at least one of the LN service 
" regions is iocated;-the RSA being-defined to encompass an area containing locations of a plurality of LN user 
! 'terminals/ storing' information in LN databases c6upted->tO' each of the plurality of- LN base stations, the stored 
information associating individual ones .of the LN user terminals with a home LN service region, and for a LN user 
terminal that roams outside of a home LN service region, querying a LN database forauthenticating the roaming 
25 LN user terminal and providing service based on information stored in the database of a home LN service region. 

! 29. A method of operating a communication system/comprising the steps -of providing a satellite communication sys- 
•'• tern segment^comprisihg at least one satellite that projects ^ plurality of beams onlhe surface of the earth and at 
■ least one satellite system ground station that is bidirectionally^coupled to the at least one satellite and also to a 
30 terrestrial communications system, providing ^terrestrial communication segment comprising a plurality of local- 

ized network (LN)* base stations each of which is capable of bidirecNonahcommunications with a plurality of LN 

- - ' : user terminals' within an associated LN service :regton; the terrestrial segment further being provided so as to 
^" comprise a LKl-grdund station that is bidirectionally coupled to each of 'the LN;base stations and to the at least one 

satellite for bidirectionally coupling communications toand from individual ones of the LN user .terminals into and 
35 out of the 1 LN service region ^defining a regional service area (RSA) within, which : at least one of the LN service 

'regions is located /the RSA being defined to encompass an area- containing locations of a plurality of LN user % 
terminals, receiving an allocation of satellite system resources at a LN ground station from a satellite system ground 
station having a coverage region within which the LN ground station is located, and reallocating a portion of the 
'* allocated satellite system resources to LN user terminals requesting.service.% ...... - 

30. A method as claimed : iri'claim 29; further comprisingnhe steps of/while providing service to a.LN user terminal, 
operating a timer and recording a duration of the "service? '"arid subsequently transmitting information to the satellite 
system ground station,- the transmitted information. including Unrecorded duration of the service. 

'45 31 . a method of operating a communication system,''connpfising steps of- receiving a call for a user; terminal at a satellite 
system gateway, examining a database to determine if the user terminal is associated with a.loealized service area 
within a coverage area of the satellite system gateway, if yes, formulating a message and transmitting the message 

- ' to a virtual gateway that serves the regional service area/the message being-Jransmitled via at least-one satellite, 

receiving the message at the virtual gateway and paging the user terminal, and 'h 
so upon the user terminal responding to the page, establishing the call using satellite system resources that are 
allocated to the virtual gateway from the satellite system gateway. ; .»: . ! \. 

32. A method of operating a communication system', comprising the steps of, receiving a call for a user .terminal at a 
virtual gateway that serves a localized service area within a coverage area of a satellite system gateway, examining 
55 a database to determine if the called user terminal is associated with a localized service area that is served by the 

virtual gateway, if yes; establishing the call, if no, formulating a message and transmitting the- .:. 
message to the satellite system gateway, the message being transmitted via at least one satellite, receiving the 
message at the satellite system gateway and examining a database to determine if the called user terminal is 
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associated with a second localized service area within the coverage area of the satellite system gateway, if yes, 
formulating a message and transmitting the message to a second virtual gateway that serves the second localized 
service area, the message being transmitted via at least one satellite, receiving the message at the second virtual 
gateway and paging the user terminal, and upon the user terminal responding to the page, establishing the call 
using satellite system resources that are allocated to the second virtual gateway from the satellite system gateway. 
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(54) Low earth orbit distributed gateway communication system 



(57) Disclosed is a communication system, and 
methods for operating the communication system, of a 
type that includes a satellite communication system 
segment comprising at least one satellite (10) that 
projects a plurality of beams (1010) on the surface of 
the earth. The satellite communication system segment 
further includes at least one terrestrial satellite gateway 
(76) that is bidirectionally coupled to the at least one sat- 
ellite (10) and also to a terrestrial communications sys- 
tem (75). In the communication system one or more 
beams (1010) from one or more satellites at the surface 
of the earth define a regional service area (1010) within 
which at least one Wireless. Local Loop (WLL) service 
region is located. The communication system further in- 
cludes a terrestrial communication segment comprising 
at least one WLL base station (1 1 05) capable of £idirec- 




tional communications with a plurality of WLL user ter- 
minals ( 1 1 03) within the WLL service region (1101) The 
terrestrial segment further includes a virtual gateway 
(1108) that is bidirectionally coupled to the WLL base 
station (1105) and to the at least one satellite (10). The 
virtual gateway (1108) is responsive to the terrestrial 
satellite gateway (76) for temporarily assuming control 
of satellite, system resources for bidirectionally coupling 
a communication to or from an individual one of the WLL 
user terminals (1103) into or out of the WLL service re- 
gion. The virtual gateway (1108) can also transmit at 
least one of paging and broadcast messages to WLL 
user terminals (1103). The paging and broadcast mes- 
sages are first received by the virtual gateway (1108) 
from the terrestrial satellite gateway (76) via the at least 
ohe.salellitje (10). 
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